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PREFACE TO THE THIRD EDITION 


The dynamic nature of physiological study, though burdensome to 
those who must revise its textbooks, is one of its chief fascinations 
The subject is never static but forever changing, always flowing and 
restless with fresh discoveries and new conceptions which sweep away 
without regret many old ideas and theories. Tbe rapid advances made 
by physiology and the coniribuiory sciences since the last revision of 
this book have made necessaiy many changes and additions. Two new 
Chapters (I and 5) have been written. Chapter I has been devoted to 
“Elementary Physical and Chemical Principles,” and should be a help 
to those readers who have had no instruction in the basic sciences; the 
use of radioactive isotopes in physiological research, and in the treat' 
ment of disease has been lightly touched on. In Chapter S, entitled 
“The Defensive Mechanisms of the Body against Disease and Injury,” 
the processes of immunity and related questions, the use of the “sulfa” 
drugs and antibiotics, as well as the problems of shock, anaphylaxis, 
and allergy, have been outlined. Chapter 14, dealing with “Tbe Phys- 
iology of Reproduction,” has been enlarged in scope by the addition of 
several new sections and the expansion of some of the old ones. All 
this new material together with that required to bring the text up to 
date has led inevitably to an. increase in the size of the book. But the 
increased size is due also, and in large measure, to new illustrations, 
the total number of figures having been raised from 283 in the last 
edition to 400 in the present one. 

In writing upon a subject such as that of mammalian physiology, 
which is so largely a study of interactions and integrations of processes 

yii 



vni PREFACE TO THE THIRD EDITION 

and systems, h is not always possible to avoid some anticipation of the 
reader’s knowledge. An endeavor has been made to offset this tend- 
ency by providing many cross-references in the text. But this provision 
may sometimes be found inadequate, and readers are advised to make 
free use of the index which is rather comprehensive. 

Much of the rewriting in this edition has been undertaken to meet 
the suggestions and kindiy criticisms of many colleagues, to whom 
sincere thanks are e.xtended More than a few of the changes which are 
believed to have improved the book are due to suggestions made by 
Professor J B Stier of the University of Indiana. His interest and care 
in reading the second edition from cover to cover, and his comments 
from the view of an American teacher are gratefully acknowledged. 

Recognition of the painstaking care with which Mrs. Dorothy Spicer 
has given her secretarial assistance In preparing the manuscript for the 
press IS also warmly expressed. 

N. B. T. 

21 Ardwold Gate 
Toronto 
March, 1952 
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CHAPTER 


Elementary Physical 
and Chemical Principles' 


The elements Substances such as pure iron, copper, gold, silver, so 
dium, potassium, chlorine lodme, oxygen hydrogen, and a great 
n imber of others which are composed entirely of but one type of 
particle or atom are called eUments A list of the more common ele 
ments is given in Table 1 1 (p 2) Those composing the animal body 
are shown in percentages m Figure 1 I {p 3) 

The conception of an indivisible particle of matter — the atom (lit 
erally that which cannot be cut or divided) — goes back to ancient 
Grecian limes (Democritus, 600 bc), but its modem history starts 
with John Dalton (1766-1844), an English chemist 

Nevertheless, the atom is not, as was believed for so long, the ulti 
mate particle of matter, it is composed of still more minute particles 
arranged withm it according to a definite pattern The simplest and 
lightest — the hydrogen atom — resembles a miniature solar system It 
consists of a core or nucleus with a much smaller and lighter particle 
revolving around it (Fig 1 2) All atoms of whatever kind, whether 

structed upon an essentially similar pattern, but the particles in the 
central core as well as the lighter revolving particles vary in number 

* This chapter has been wnlten for those readen who have had no instruction fn 
chemistry or physics. Il may bc omitted by others. Ii is offered merely as an intro 
duction to and an aid m the understanding of subsequent chapters. Several chemical 
and physical principles such as hydrogen ion concentration (p lOS) osmosis (p 
64) kinetic theory and diffusion (pp 244 and 245) the composition of the pnn 
cipal foodstuffs {Chaps E and 9) and the actions of eiuymes (p 2ES) are de 
scribed more appropnately in chapiers dealing with subjects to which such principles 
are most direcUy applicable 
1 
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Table 1>1 


Common Name 
of Element 

Greth or 

Latin Name 

Symbol 

Atomic 

Weight 

Atomic 

Number 

Aluminium 

Aluminium 

A1 

26 98 

13 

Antimony 

Stibium 

Sb 

J21 76 

51 

Arsenic 

Atsenicutn 

As 

74 91 

33 

Banum 

Bariunt 

Ba 

137 36 

56 

Boron 

Bofon 

B 

10 82 

5 

Bromine 

Bromum 

Br 

79 92 

35 

Cadmium 

Cadmium 

Cd 

11241 

48 

Calcium 

Calcium 

Ca 

40 08 

20 

Carbon 

Carbon 

C 

12 01 

6 

Chlonne 

Chlorum 

Ct 

35 46 

17 

Cobalt 

CobaUum 

Co 

58 94 

27 

Copper 

Cuprum 

Cu 

63 54 

29 

Fluorine 

Fluorum 

F 

19 00 

9 

Gold 

Aurvim 

Au 

197 20 

79 

Helium 

Helium 

He 

4 00 

2 

Hydrogen 

Hydrogemum 

H 

1 00 

1 

Iodine 

lodum 

I 

12691 

53 

Iron 

Ferrum 

Fe 

55 85 

26 

Lead 

Plumbum 

Pb 

207 21 

82 

Lithium 

Lithium 

Li 

6 94 

3 

Magnesium 

Magnesium 

Mg 

24 32 

12 

Manganese 

Manganesium 

Mn 

54 93 

25 

Mercury 

Hydrargyrum 

Hg 

200 61 

80 

Neon 

Neon 

Ne 

20 [g 

10 

Nickel 

Niccolum 

Ni 

58 69 

28 

Nitrogen 

Nitrogcnum 

N 

14 00 

7 

Oxygen 

Oxygemum 

0 

16 00 

8 

Phosphorus 

Phosphoncum 

P 

30 97 

15 

Platinum 

Platinum 

Pt 

195 23 

78 

Potassium 

Kalium 

K 

39 10 

19 

Radium 

Radium 

Ra 

226 05 

88 

Silicon 

Silicon 

Si 

28 09 

14 

Silver 

Argentum 

Ag 

107 88 

47 

Sodium 

Natrium 

Na 

22 99 

11 

Strontium 

Strontium 

Sr 

87 63 

38 

Sulfur 

Sulfur 

S 

32 06 

16 

Tin 

Stannum 

Sn 

118 70 

50 

Uranium 

Uranura 

U 

238 07 

92 

ZJnc 

Zincum 

Za 

65 38 

30 
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with the different kinds of atom. The central core or nucleus of the 
atom contains one or more particle called protons. Each proton holds 
a positive charge of electricity, and, except in the case of the hydro- 
gen atom, is paired with an electrically neutral particle called a 
neutron. The hydrogen atom is a single proton, unpaired with a neu- 
tron. The particle or particles revolving in one or more orbits around 
the nucleus of the atom are electrically negative and are called elec- 
trons. The chemical properties of the atom are dependent upon the 


NITROGEN 3.3 
CALCIUM 1.5 
PHOSPHORUS l.( 
POTASSIUM 0 35 
SULFUR 0 25 
CHLORINE 0.2 
SODIUM 0.15 
MAGNESIUM ,05 
IRON, IODINE, ZINC, 
FLUORINE AND OTHER 
ELEMENTS IN TRACES 



Fig 1 1 Diagram to show the percentages of the elements composing 
the body. 

electrons in the outer orbit. The number of protons, which as just 
mentioned varies with the kind of atom, is balanced by an equal num- 
ber of electrons. Positive and negative charges being equal, the atom 
as a whole, so long as it loses none of its charges, is electrically neutral. 
The number of protons (or electrons) possessed by an atom is called 
the atomic number. The atomic numbers of the naturally occurring 
elements are from I (for hydrogen) to 92 for uranium. The atomic 
numbers for the other elements run in unbroken sequence between 
those two extremes. 

Atomic weights. The atomic weight of an element is the weight of 
one of its atoms in relation to the weight of the hydrogen atom taken 
as 1.008. It is the weight of the smallest quantity of an element pres- 
ent in the molecule of a pure substance. It will be seen from Table 1-1 
that the weights of the different kinds of naturally occurring atoms 
vary widely, radium (226 05) and uranium (238.07) being the 
heaviest in Table l-I, but still heavier ones, such as plutonium, ameri- 
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cium curium and mendelcvntm, etc , have been produced jn the 
laboratory 

Isotopes. Until recent years it was universally believed that ele 
mcnts were atomically homogeneous — that its atoms were all pre 


© O € 



c 


Fig 12 Showing Ihestnieiure of the atom A hydro- 
gen atom B helium atom C carbon atom. 

cisely of the same weight Since it has become possible to determine 
the weights of individual atoms, it has been found that most of the 
elements are composed of atoms of slightly different weights For 
example chlorine, which when its atoms arc taken in the aggregate 
has an atomic weight of 35 46, is constituted of atoms with weights of 



Fig 1 3 The liotopes of cblonnc The figures refer to the 
numbers of protons and neutrons in the nucleus and to 
the electrons m the three orbits 


35 and 37, there being none having a weight of exactly 35 46 Atoms 
of the same element but of different atomic weights are called isotopes 
The disparity of the atomic weights of isotopes is due to their hav 
mg different numbers of neutrons Since neutrons do not carry an 
electric charge, the nuclear charges (protons) of isotopes arc the 
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same, or, in other words, Iheir atomic numbers are identical As a 
means of designating the different isotopes of a given element, the 
atomic weight is given m small figures above and to the right of the 
symbol for the element Thus, the isotopes of chlorine are. Cl” and 
CP^ (Fig 13) There are three isotopes of magnesium (Mg*‘, Mg”, 
and Mg**), and three each of oxygen (O”, O”, 0‘^) and of hydro- 
gen (H’, H*, H*) Calcium has four isotopes (Ca”, Ca**, Ca”, Ca”) 
Iron also has four (Fe”, Fe**, Fe*^ Fe”), zinc has five (Zn**, Zn**, 
Zn*^, Zn”, Zn”), and carbon has three (C^*, C”, C”) The propor- 
tions of the different isotopes m an element are not necessanly equal 
In chlorine, for example, there is a greater proportion of the lighter 
isotopes (Cl”) than of the heavier ones (Cl*^), which accounts for 
the atomic weight of 35 46 The proportion of each type of isotope in 
chlonne, however, as in other elements, remains fixed 

Radioactive isotopes. Many isotopes are radioactive like radium 
and uranium That is to say, their nuclei are unstable and particles are 
shot out at very high velocities (20,000 to 100,000 miles per second) 


Fig I 4 An alpha particle it will be noted that it is of the same con- 
stuutton as the helium nucleus 


The particles (see Fig 1 4), usually referred to as “rays,” consist of 
a group of two protons and two neutrons held together as a unit (alpha 
particle or alpha "ray ' ) and electrons (beta 'rays ’ ) A third type of 
ray with a high power of penetration is also emitted, rays of this type 
are known as gamma rays and are identical with or closely similar to 
hard x-rays 

Isotopes of various elements are now produced artificially by bom- 
barding atoms with protons or neutrons produced by an apparatus 
called a cyclotron, developed by Dr Lawrence of California The 
high speed projectiles penetrate the nuclei of some of the bombarded 
atoms, a nuclear reaction follows, and an isotope of the bombarded 
element, or of a newly created element, is produced The production 
in this way of radioactive isotopes has been a great boon to those 
carrying out researches into biochemical and physiological problems 
The radioactive isotope can be incorporated into a compound whose 
history m the body U is desired to follow When such a compound is 
fed to an anunal, it behaves chemically in the body as would the natu- 
rally occurring nonradioactive substance, but on account of its radio- 
activity It is “labeled” or “taggeif* as it were, and can be detected in 
the body tissues or excreta by means of a Geiger counter, an instru- 
ment sensitive to the rays which the incorporated isotope emits 
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Radium has long been used In the treatment of cancer and other 
malignant growths, the emitted rays having a destructive action upon 
the cancer cells, but they also destroy normal tissue and for this rea- 
son their action must be strictly localized to the diseased structure 
Artificially produced radioactive isotopes are now employed for theur 
therapeutic effects, and more especially those which have a selective 
action upon certain tissues, smee they can be injected into the general 
circulation The thyroid gland, for example, has a great affinity for 
lodme. and a radioactive isotope {I”S I”*, or I”') of this element 
concentrates its action upon thyroid tissue, it is, therefore, used in 
the treatment of certain types of goiter (Chap 10) Radioactive 
phosphorus is attracted to and exerts its effect upon osseous tissue and 
IS of value m the treatment of some types of bone disease 

Chemical symbols. The chemist employs a kind of shorthand lan- 
guage for the expression of the elemental composition of chemical 
substances and to indicate the character of chemical reactions In this 
chemical language, the elements are designated by the first letter of 
their Latin names, or, when the initial letter of the names of more than 
one element is the same, a second letter of the name is added Thus, F 
IS the symbol for fluorine, but since there are a number of elements 
commencing with the letter C, the latter is used alone as the symbol 
for carbon, and copper (L cuprum), calcium chlonne, and cobalt 
are designated Cu, Ca, Cl, and Co, respectively Similarly, while H 
is the symbol for hydrogen, mercury (Hydrargyrum) is represented 
by Hg and helium by He (see Table I-l ) 

A chemical formula indicates the atomic constitution of the mole- 
cules of a substance, the symbols of the elements being written in a 
certain conventional order {empirical or molecular formula') or ac- 
cording to a specific pallcrn which shows the spatial relationships of 
the atoms to one another in the molecule The latter is called a graphic 
or structural formula 

An empirical formula indicates merely the number of the different 
Linds of atoms m the molecule When there are more than one of the 
same kind of atom, a small figure is written below the symbol Thus, 
sodium chloride is uritten NaQ. but water, which is formed by the 
union of two atoms of hydrogen and one of oxygen, is written H,0 
The two types of formula for the ammo acid glycine are shown below 


CjHjNO^ 


etnpiri«l fonmjla 


CH^NHj 

I ■ 

COOH 

graphic formula 
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If we compare the symbols of the elements to the alphabet of ordi 
nary language then chemical formulas may be likened to words 
Formulas written with appropriate signs (+, — , =, ^) are known as 
equations, by this means, information is given with respect to the na 
ture of the reactions taking place between the molecules (see below) 
of chemical substances when brought together Thus, the formation 
of carbon dioxide by the action of hydrochloric acid on limestone 
(calcium carbonate) is expressed m the following equation 

CaCOj 4- 2Ha - COj 4- CaD^ 4- HjO 

calcium hydrochlonc carbon calcium water 

carbonate aad dioxide chloride 

A molecule of calcium carbonate reacts with 2 molecules of hydro 
chloric acid to produce a molecule each of carbon dioxide, calcium 
chloride and water It will be noted that the two sides of the equation 
balance — that is the number of calcium carbon, hydrogen, chlorine, 
and oxygen atoms on the two sides are equal 

Chemical reactions-molccules. Certain atoms have an attraction 
or affinity for other kinds of atom the two kinds uniting to form sub 
stances called compounds which have properties quite different from 
those of the originally separate atoms Common table salt, for ex 
ample, which is known chemically as sodium chloride and has the 
formula NaCl, is formed by the union of one atom of sodium (Na) 
with one atom of chlorine (Cl) Sodium is a caustic solid element, 
highly destructive to animal and vegetable tissues chlorine is a green 
ish intensely irritating, poisonous gas, yet the compound, sodium 
chloride, which results from their union, is a mild harmless substance 
and, indeed, is indispensable for the well being of the animal body 
It IS present in a concentration of about 0 6 percent m the body fluids 
The particles of a compound such as sodium chloride, carbon dioxide, 
water, etc , are called molecules Any pair or group of atoms which 
being united form a unit particle of a compound is so termed The 
molecules of the compounds just mentioned are among the Smallest 
and simplest known, but some molecules such as those composing 
proteins, are relatively enormous, being constituted of hundreds of 
atoms of several different kinds The molecular weight (which is 
arrived at by adding together the weights of the constituent atoms) of 
these large particles is thousands of times greater than the weight 
of a water molecule The molecular weight of water (H O), for ex 
ample, is only 18 (hydrogen 2 + oxygen 16), whereas that of certain 
proteins is m the neighborhood of 400,000 or more The hydrogen 
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molecule (H,), for it is not only atoms of different kinds which form 
moicculw, IS the smallest and lightest of all The atoms of nitrogen 
or of oxygen also combine molecules to form (N„ 0„ and O,) 

If one wished to show graphically the great differences m size be 
tween the smallest and the largest molecules, one might represent a 
water molecule by a dot, then one of the largest protein molecules 
would require for its representation a space larger than this page 
Molecules also vary in shape, some protein molecules, for example, 



The figures indicate ihe number of protons and neutrons in 
the nuclei and of the electrons in the concentric orbits The 
hatched circle represents the electron common to both 
types of atom in a molecule of sodium chlonde 

such as serum albumin, are globular in form, while in others, such as 
muscle protein, the atoms arc extended in chains to form long elon 
gated fiberlike molecules (see p 362) 

As implied at the beginning of this section, it is only some atoms 
which arc capable of uniting with one another to form compounds 
The attraction or affinity of one atom for another depends upon the 
instability of the outer orbit of electrons For example, the number 
of electrons m the outer orbit of the sodium atom and of the chlorine 
atom render their outer orbits unstable The former has one electron 
too many the latter one too few, for stabilization But there is always 
a tendency toward the stable slate 'n«s is achieved, when possible by 
the sodium atom losing an electron and the chlorine atom gaining 
one So then, when a sodium atom and a chlonne atom are brought 
together an electron is Iransfcncd from the one (Na) to the other 
(Cl) When sodium chloride undergoes ionization (see p 12) the 
sodium atom has one less electron than it had originally, and the 



ELEMENTARY PHYSICAL & CHEMICAL PRINCIPLES .9 

chlorine atom one more. In the unionized state, the two atoms are held 
together, as it were, by the electron in question (Fig. 1.5). 

Equivalent or combining weights. VVTien the elements combine to 
form compounds, they do so in certain definite and unvarying propor- 
tions. The smallest amount in grams in which an element combines 
with \ gram of hydrogen is called its equivalent or combining weight. 
An element also replaces 1 gram of hydrogen in a compound or com- 
bines with another element to form a compound by this same amount 
— its equivalent weight— or some simple multiple of it. The equiva- 

Table 1-2 


Equivalent or combining weights 
{number of gremj nhich combine 
Element with or replace 1 gram of hydrogen) 

Calcium 20 

Carbon 3 

Chlorine 35 46 

Magnesium 12 

Nitrogen 4.67 

Oxygen 8 

Potassium 39 I 


lent weights of a few of the commoner elements are given in Table 1-2. 
It will be seen by comparing Tables I-l and 1-2 that the atomic 
weight of an element is either equal to the combining weight or is a 
multiple of it. The equivalent weight of oxygen is 8, its atomic weight 
is (8 X 2 — ) 16; that of carbon is 3, its atomic weight is (3 X 4 — ) 
12; the equivalent weight of nitrogen is 4.67, its atomic weight is 
(4.67 X 3 •“) 14, but the equivalent weight of chlonne and potas- 
sium are the same as their atomic weights — namely, 35.46 and 39.1 
respectively. 

Oxidation and reduction. When oxygen unites with another ele- 
ment, the compound so formed Is called an oxide, and the process is 
referred to as oxidation. If the reverse action takes place — namely, 
a compound loses oxygen — the substance is said to be reduced and 
the process is known as reduction. But the loss of hydrogen from a 
compound is also called oxidation, and the addition of hydrogen to a 
compound is called reduction. 

A compound of an element with hydrogen and oxygen is called a 
hydroxide. Iron rusts when exposed to moisture and air, the rust being 
a hydroxide of iron (ferric hydroxide). Many metals and other sub- 
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stances form oxides or hydroxides when exposed, the oxygen being 
derived from the atmosphere The carbon in substances such as wool, 
coal, etc , undergoes oxidation during combustion, carbon dioxide 
(CO ) being produced and given up to the atmosphere. The carbon 
of our food also undergoes oxidation in the body, the carbon dioxide 
so formed being exhaled in the breath But many substances in the 
tissues undergo oxidation, not by the addition of oxygen, but by the 
loss of hjdrogcn brought about through the action of specific dehy- 
drogenating enzymes (dehydrogenases) 

Besides the combination of atoms with the formation of compounds, 
which so far has been chiefiy dealt with, two other types of chemical 
reaction remain to be described namely, the breakdoNxn of molecules 
into smaller groups of atoms or into individual atoms — ilecomposition 
— and the disruption of the molecules of two or more compounds, 
followed b) the union of the liberated atoms or groups of atoms in new 
combinations This reaction is known as thubic decomposition 
The chemical reaction known as double decomposition can be 
illustrated by changes occurring when HCI is mixed with a solution of 
sodium bicarbonate Upon the instant of mixing the two liquids, vio 
lent effervescence occurs, (or the bicarbonate has been decomposed 
and carbon dioxide <a gas) is given up to the atmosphere The hydro 
chloric acid also splits into its constituent atoms Atoms of sodium 
unite with the chlorine atoms to form sodium chloride, carbon atoms 
with a molecule of oxygen to form carbon dioxide, and hydrogen 
molecules with oxygen atoms to fonn water, thus 

Ha + NaHCO, « NaO + CO, + HjO 

hydrochloric sodium sodium cotbon water 

acid bicarbonate chloritk* dioxide 

The indestructible nature of the atom in ordinary' reactions. Mole- 
cules disintegrate and fresh compounds arc formed, but the atoms in 
the ordinary process of Nature are indestructible Decay and disinte- 
gra’ion of substances arc occurring ceaselessly Organic matter, ani- 
mal and vegetable, is continually undergoing decomposition, its ele- 
ments being returned to the earth and there reconstituted into new 
compounds Even rocks become eroded and metals wear away, but 
the immortal atoms reappear in new forms Though materials com- 
posing the world around us disappear and arc lost to our senses, the 
sum total of matter undergoes no reduction m weight When vve 
watch a blazing log being consumed until nothing but the ash remains, 
V.C may doubt the general statement that matter is indestructible But 
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were it possible to collect the smoke and escaped gases and add them 
to the ash and weigh the whole, the total weight (less the oxygen 
used in the combustion) wotild be found to be equal to that of the 
original unbumed piece of wood. Compounds composing the wood 
have been broken up; carbon has been combined with oxygen to form 
carbon monoxide (CO) and carbon dioxide (COj); hydrogen has 



been oxidized to water (HjO); many other compounds have been de- 
composed and new compounds formed by the recombination of atoms 
momentarily freed. Did one know all the chemical reactions which 
had taken place, a balanced equation could be written (p. 7). 

Nor is matter created in the sense that new atoms are formed. The 
growth of plants or of animal tissues is merely the accumulation of 
pre-existing atoms. A plant, for instance, acquires water, minerals 
and nitrogen from the soil, and carbon from the carbon dioxide of 
the atmosphere; from these it builds its structure and gains in weight. 
The animal body takes in carbon, hydrogen, nitrogen, oxygen, and 



12 ELEMENTARY PHYSICAL & CHEMICAL PRINCIPLES 


Other elements in the food as v/dl as oxygen from the atmosphere 
Just as in the flaming wood, the raibon is oxidized to carbon dioxide 
and the hydrogen to water, part of the nitrogen of the food m com 
bination with other elements (see ammo acids p 360) is built into 
body tissue, and the remainder excreted The carbon dioxide and part 
of the water is exhaled in the breath If the adult body’s intake of all 
the elemental materials were collected, their total weight would be 
found to balance the weight of the materials excreted in urine, feces, 



Fig I 7 Illustrating electrolysis 
When an clecinc current is 
passed through a solution of an 
electrolyte (eg sodium chlo- 
ride) the positively charged ions 
(cations) move to the cathode 
and the negatively charged ions 
(anions) to the anode 


skin (perspiration) and breath The body s weight would be found to 
have remained unchanged 

An Italian physician (Santono Saniono) living in the sixteenth and 
seventeenth centuries (1561-1636) was the first to demonstrate these 
facts He spent most of his lime m the latter part of his life in a large 
balance (Fig I 6) weighed all that he ate and drank and tried to 
balance the weight of these with the weight of his excreta (urine and 
feces) but found a ducrepancy The weight of that which he ate and 
drank, was more than that of his excreta He concluded that the dif* 
fcrence was caused by the loss of water through the skin ( i e evap 
oration) and m the expired air This loss which was not revealed by 
his weighings he called insensible perspiration (see pp 377-8) 

Ionization or dissociation. Certain compounds, such as hydrochloric 
acid (HCl), nunc acid (HNO,), phosphoric acid (H,PO.), sulfuric 
acid (H,.SO,), carbonic acid (H COj) sodium potassium, calcium, 
and arntnonium hydroxides (NaOH KOH Ca(OH)„ and NH,OH. 
respectively), sodium and potassium chlorides (NaCI and KCl), cop- 
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per sulfate (CuSO»)» and a great number of others when in aqueous 
solution, separate into their constituent atoms or groups of atoms. 
The separated atoms are electrically charged and are called ions (Gk. 
ion, going, traveling), because when an electric current is passed 
through an aqueous solution of one of these compounds they move at 
a certain definite velocity toward one or other pole of the battery 
(Fig. 1.7). This properly of molecules to break up into electrically 
charged atoms is called ionization or dissociation. 

Some ions, sucb as those of culciiim, hydrogen, sodium, and potas- 
sium, are positively charged and move toward the negative pole or 

Toble 


Name of Electrolyte 


Percentage Ionized 


Acetic acid 13 

Carbonic acid 0.17 

Hydrochloric acid 92.00 

Hydrocyanic acid 0.0 1 

Nitric acid 92 00 j 

Sulfuric acid 61 00 j 

Phosphoric acid 8 50 

Potassium hydroxide 91 00 

Sodium hydrowde 91.00 

Sodium chloride 85.00 


cathode; they are therefore called cations. Such atoms are positively 
charged because they have lost the electron that joined them to the 
other atom of the compound (sec p. 8). Others, such as chlorine 
(chloride ion), having gained the electron lost by the other atom, 
are negatively charged; they move toward the positive pole or anode 
and therefore are known as anions. The anions are frequently groups 
of atoms and are given specific names, such as nitrate (NO,), phos- 
phate. (HPO,), sulfate (SO«), bicarbonate (HCO,), or hydroxyl 
(OH) ions. The nature of the charge carried by the atoms is indicated 
by a plus or a minus sign to the right and above the last symbol of the 
formula. Thus, the hydrogen, ion is written H+, and the chloride and 
nitrate ions Cl” and HNO,”, respectively. If an atom carries two or 
more positive or negative charges, the respective sign is repeated; the 
calcium ion is written Ca’^, and the phosphate ion HPO4 — . 

The compounds mentioned above ionize to the greatest extent when 
dissolved in water, and to a much less degree in solvents such as alco- 
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hoi or acetone, and do not dissociate at all in the great majority of 
solvents. Water itself is very slightly dissociated into H and OH ions 
lonizabic substances, since their solutions arc capable of conducting 
an electric current, are called electrolytes. The movement of the two 
kinds of ion to the respective poles of an electric source whose ter- 
minals are immersed in a solution of an electrolyte is called electroly- 
sis. Many compounds, such as cane sugar, do not undergo ionization, 
and are therefore called nonelectrolytet. A list of electrolytes and the 
percentages to which they undergo ionization in aqueous solution is 
given in Table 1-3 It will be observed that the percentages vary widely. 

A few of the commoner electrolytes and the ions into which they 
separate are shown in the following equations; 


CaSO* 
calcium sulfdte 

-* 

Ca*+ 

cakium ion 


SO,— 

sulfate ion 

HCl 

bydrochlone 

acid 


hydrogen 

ton 

+ 

ci- 

chtonde ion 

HNO, 

nttrie acid 


H* 

hydrogen ion 


NOj- 
nitraie loo 

HjSO, 

sulfuric acid 


hydrogen ions 

+ 

SO4- 
sulfaie ion 

HjCOj 
carbonic acid 

-*• 

H* 

hydrogen ion 

+ 

HCOj- 

bicarbonate ion 

NaOH 

sodium 

hydroude 

— * 

Na+ 

sodium ion 

+ 

OH- 

hydroxyl ion 

NaCI 

sodium chlonde 


Na+ 

sodium ion 

+ 

ci- 

chlonde lon 

HjPO^ 

phosphoric acid 


3 H+ 

hydrogen ions 

-f 

PO4 — 
phosphate ion 


Acids, bases, and salts. Anyone even without a knowledge of chem- 
istry knows, in a general way, the nature of an acid. A typical acid is 
sour or sharp to the taste, and unless veiy weak gives a burning sensa- 
tion to the skin; if strong, it is highly destructive to animal and vege- 
table tissues; it also turns blue litmus paper pink or red. These prop- 
erties arc due to the hydrogen ion (H^) (see p. 108). Every acid 
contains in its molecule at least one atom of hydrogen. 

Lye, known chemically as sodium hydroside (NaOH), and slaked 
lime (CaCOH)t) are bases. Typical bases in solution have a soapy 
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feel, and most ha\e a bitter taste, they turn red litmus paper blue In 
strong solution, they also have a destructive action on animal and 
vegetable tissues These properties are due to the hydroxyl ion (OH”) 
Bases react with acids to form compounds called salts, a metal or other 
element of the base replacing one or more hydrogen atom of the acid. 
Two such reactions arc shown below 

Ca(OH)i + 2HC( = CaOi -f 2HiO 

calcium hydrodilonc calcium water 

hyi^xide acid chlonde 

or 

NaOH + HQ » NaCI + HjO 

sodium hydrochiorK sodium water 

hydroxide acid chlonde 

Strong bases, such as sodium, potassium, or calcium hydroxides, 
are also known as alkalis (Arabian, al. the + qaliy, [kali], ashes, 
which are nch in sodium) They interact with fats or oils to form 
soaps The adjectives corresponding to the nouns, acid, base, and 
alkali, arc acidtc, basic, and alkaline 
Solutions. When a substance such as sugar or salt is stirred in water, 
It * melts’ away until the water is again <juile clear We say the sugar 
or salt has been dissohed, and the water and the dissolved substance 
are called a soliiiion of sugar, in one instance, or of salt, m the other 
The substance which goes into solution is called the solute, the liquid, 
whether water, alcohol, ether, oil etc , in which the substance is dis- 
solved, IS called the solvent When a crj'stalloid (see below) is dis 
solved and the solution well stirred, the solute becomes distributed 
uniformly throughout the solvent, the molecules being evenly inter- 
mingled Once a substance composed of molecules having a size of 
the order comprising sugar or salt has been dissolved, it is not possible 
to separate the solute again from the solvent by mechanical means, 
as by filtenng The molecules of the solute pass as readily through 
the pores of the filter as do those of the solvent 

A saturated solution is one which, al a given temperature, holds 
the maximum quantity of the solute which it is capable of dissolving, 
it IS said to be saturated at that particular temperature If the solution, 
at a given temperature, contains less than the maximum amount of 
lOlute which it can dissolve at that temperature, it is said to be un 
saturated 

Saturated solutions of certam substances when slowly and carefully 
cooled remain clear The solution is then supersaturated at the lower 
temperature But solid particles of the solute separate out if one of its 
crystals is dropped mto the solution, or often if the solution is even 
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slightly agitated The substance continues to come out of solution until 
saturation at the lower temperature is reached 

Most substances increase m solubility with heating, but some are 
rendered more soluble by lowering the temperature When the former 
class of substance go mto solution, heat is absorbed — that is the tern 
perature falls In the latter group, heat is given out, the temperature 
of the solution being higher than that of either the original solute or 
solvent 

A normal (N) solution is one which contains an equivalent (p 9) 
m grams of solute per liter Thus, a normal calcium chloride (CaCh) 
solution contains 55 5 grams of the salt (equivalent of calcium 20, 
and chlorine 35 46) A solution containing a fraction (^, ) of 

the amount of the solute that is contained in a normal solution or one 
m which twice the quantity is dissolved, is referred to, respectively, as 
half normal one tenth norma! (or dccinormal), one hundredth nor- 
mal twice normal, and so on, and is abbreviated N/2, N/IO, WlOO, 
ot2N 

A solution containing per liter an amount of a substance m grams 
equal to Us molecular weight is called a molar or a molecular solu 
Uon Thus, a molar solution of calcium chlonde (CaCli) contains 
(40 + 71 —) lU grams per liter Solutions containing fractions or 
multiples of this quantity may be made up giving tenth molar, twice 
molar etc , solutions 

A physiological saline solution contains about 0 9 percent of sodium 
chlonde or about the concentration of the mineral salts of human 
blood plasma 

Suspensions and emulsions. SoUd substances composed of rela 
tivcly large particles of a diameter of 0 1 micron or more will remain 
suspended m water for a short time and then settle to the bottom of 
the container Bui m suspensions of which the liquid medium is heavier 
and of a more viscous nature, such as mucilage, the particles settle 
very slowly, remaining suspended for long penods Blood is a suspen 
Sion of cells m a fluid called plasma (p 57) which is some five 
tunes more viscous than water The cells are about 7 microns m their 
largest diameters and remain suspended for a relatively short time after 
the blood has been drawn from a vessel and placed m a test tube The 
sue of the particles of any substance as well as the consistency of the 
liquid medium is a factor m the rate of settling the larger particles 
settling more rapidly than the smaller ones Particles of a size less 
than 0 I micron remain suspended almost indefinitely, even in water 
(see suspensoids, p 17) 
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Liquid particles or globules of about the same size as the solid par 
tides in a suspension, when dispersed m another liquid, constitute 
an emulsion "^e two liquids do not lose their chemical individuality 
As with suspensions, the smaller the particles the longer they will 
remain dispersed m the medium Fat, oil, resins, gums, and many 
other substances of both animal and vegetable ongm form emulsions 
with vanable size of particles Milk is a familiar example of an emul 
Sion of fat globules in an aqueous medium Emulsification of the fatty 
substances of the food occurs with the aid of the bile in the small 
mtestme (p 334) 

Crystalloids and colloids Substances with molecules of relatively 
minute size — ^less than 1 * in diameter — such as sodium chloride, 

sugar, copper sulfate, and the majority of chemical compounds, form 
true solutions, as described on page 15 They are called crystalloids 
Materials composed of larger molecules — from 0 1 to 1 0 — or 
of smaller molecules clumped together to form particles of such a size, 
are called colloids (Gk kollae, glue) Glue, gelatin, egg white and 
other proteins, starch, rubber, various enzymes (p 288), many dyes, 
fine carbon particles as m smoke, or India ink, and a host of other sub 
stances, are colloidal m nature The anunal body — blood plasma and 
the protoplasm compnsing the tissue cells — is composed largely of 
solutions of colloids Solutions of colloids, also called emulsoids* or 
suspensoids are frequently cloudy, lurbid, or opalescent or, at any 
rate, not crystal clear as are true solutions But some colloid solutions 
are transparent, so the turbidity or clanty of a solution cannot be re 
sorted to as a means of distinguishing a true from a colloidal solution 
Colloid solutions have, nevertheless, certain unique charactenstics 
when, for example a beam of light is thrown from one side into a 
colloidal solution, the diameter of the particles, being greater than 
the length of the waves of light scatters the rays, and a bright opal 
escent cone is seen, known as Tyndalls phenomenon The particles 
are also made dimly visible if a film of a colloidal solution is illumi 
nated by a light directed upon it from one side and observed under the 

* One micron (abbrev equals nnllimeter A millimicron (abbrev m/i) 

equals micron or yni Bl u m r of ^ miUmieter A micromicron (abbrev pp) is 
nrn Hag of a micron or of a loabmeter 

* (Piloid solutions are divided into tao mam classes called emulsoids or hydro- 
philic colloids (Ck hudor water 4' phllo I love) and suspensoids or hydrophobic 
colloids {Gk phobos fear) The emulsoids have a strong affinity for water and for 
this reason are held more firmly in solution than are the suspensoids. The colloidal 
solutions of living matter — such as proiem solutions — are for the most part emul 
soids The suspensoids have a tendency to come out of solution and are m general, 
solutions of inorganic substances 
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microscope The ullramicroscopc is based upon this fact» by means of 
this instrument the presence of particles, invisible through an ordinary 
microscope, is revealed 

Wc do not use the term solute in speaking of the particles of a col 
loid solution as we do of a substance which goes into true solution 
The particles arc called the internal or dispersed phase of the solution, 
the medium in which the particles arc dispersed is knovm as the ex 
ternal or dispersion phase A reversal of the two phases under certain 
conditions, such as a fall in temperature, is a charactenstic of certain 
colloids (namely, glue, gelatin, and starch), the particles (internal 
phase) joining together and enclosing the medium (external phase) 




Fig 18 Diagram to show 
ihe rearrangement of the 
particles when a sol 
changes to a gel 


(See Fig 18) The change is quite evident to the naked eye. the 
matcrnl no longer flows but has become firm or jell)like The h)drosol 
(sol) has been converted to a hydrogel (or gel) as the colloid is now 
called A change of this nature occurs m the conversion of the plasma 
protein fibrinogen to fibrin when ihe blood coagulates (p 103) 

Most colloids owing to the relatively large size of their particles, 
can be separated from the dispersing medium and from crysialloids 
by means of a suitable filter The procedure is called uUrafiUraiion 
Such a process takes place in the body Tlie membrane forming the 
capillary walls, for example, serves as a filter which, while holding 
the plasma proteins to a large extent within the circulation, permits 
water and crystalloids to pass freely through to the surrounding tissue 
cells (see Fig 3 10 p 66) Nor do the plasma colloids normally 
enter the urine they arc prevented from escaping from the circulation 
by the interposition of a fine filter in the kidney, the water and crystal- 
loids of the plasma alone passing into the renal tubules (p 277) 
Colloids by means of dialysis can also be separated from any 
crystalloids which may be associated with them Colloid particles are 
unable to pass through certam membtarus, such, as sausage skin, frogs 
skin cellophane, etc , which are permeable to the smaller molecules 
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of water and crj'stalloids. If, therefore, a colloid solution containing 
salt is placed in a small sac made of sausage skin or cellophane and 
immersed in distilled water, the molecules of salt escape into the sur- 
rounding water and molecules of water pass into the colloid solution. 
This process continues until the concentration of salt is the same on 
the two sides of the membrane. If the distilled water is renewed re- 
peatedly, the colloid solution is eventually completely freed of the 
crystalloid. 


Fig 1 .9 Brownian movement The succes- 
sive positions of a particle of a colloid as 
observed by means of the ultramicroscope. 



Brosmian movements. This is an astonishing phenomenon first de- 
scribed about one hundred years ago by a British botanist. Robert 
Brown. When a colloid solution is observed with the ultramicroscope, 
random, erratic, zigzag movements of the particles are seen (Fig. 1.9). 
The movements occur ceaselessly and with great rapidity, the particles 
appearing to dart here and there like midges or a great number of 
rubber balls struck by invisible hands The movements are not an in- 
herent property of the colloid particles themselves, but are caused by 
the molecules of water and other molecules of the external phase 
coming repeatedly into near collision with them (see Kinetic theory, 
p 243) It appears that actual contact of the smaller, rapidly moving 
molecules with the larger ones does not occur, it is prevented by mu- 
tual repulsion. 

The particles of many colloids when in aqueous solution are clec- 
Liicahy charged, carrying negative fOH“> or poshWe ions 

(depending upon the kind of colloid) adsorbed (see below) from the 
surrounding slightly ionized water (p. 109). Since like charges of 
electricity repel one another, the particles of a given colloid having 
the same sign of charge (+ or —) are prevented from gathering into 
large clumps; they are thus kept in a state of uniform dispersion. This 
fact, plus the Brownian movements just described, keeps the particles 
in a state of permanent suspension; they show little or no tendency to 
settle to the bottom of the containing vessel. 

Adsorption. The property of any material to attract and hold mole- 
cules — solid, liquid, or gaseous — to its surface is called adsorption. 
The molecules or particles do not penetrate into the substance or 
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Structure of the adsorbing body, adsorption, therefore, is to be dis- 
tinguished from absorption Many colloids tend to be adsorbed on 
the surface of other bodies They, in turn, exhibit the property of ad- 
sorbing smaller particles to a pronounced degree which, owing to the 
small size of the individual particles, offer in the aggregate an im- 
mense surface to still smaller particles m the dispersion phase For 
this reason, finely ground charcoal and other colloids are most effec- 
tive clarifying, decolorizing, or deodorizing agents the molecules of 
the offending material being thus removed from solution or from air 



CHAPTER I 2 

k 

Protoplasm. The Cell. 

The Tissues 


Protoplasm is the material basts of all forms of life. The substance 
of the animal body — muscles, brain, kidney, liver, etc. — is composed 
largely of this “UCe stuff ” Yet the exact chemical constitution of living 
protoplasm is unknown, for any of the means which might be em- 
ployed to analyze it cause its death Irreversible physical and chemical 
changes then occur, and we are no longer dealing with the substance 
whose composition we had set out to determine. The most that can be 
said with regard to the chemistry of protoplasm is that it consists of 
a watery solution of proteins, together with smaller amounts of car- 
bohydrates (glycogen and glucose), lipids (fatlike materials), and 
inorganic salts (of potassium, calcium, sodium, magnesium, etc.). 
The word protoplasm {Uterally, the first thing formed) is itself no 
more than a generic term, for there are innumerable types of this 
•f HKiVeriaV Ite VMyVng vn diStitrA icrtrrft rA IHe as -wtAl 

as in the different tissues of any individual. Furthermore, it is the seat 
of innumerable chemical reactions, oxidations and reductions, decom- 
positions and syntheses; its chemical nature is therefore changing 
ceaselessly. Upon these changes the varied phenomena of life depend. 

Physically, living protoplasm is a hydrosol or hydrogel belonging 
to the class of colloids already describ^ as emulsolds. It is somewhat 
foamlike in appearance under powerful magnification; but it is ques- 
tionable whether this is a natural property of protoplasm or merely 
caused by the technique used in preparing it for examination. 


21 
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The Physiological Properties 
of Protoplasm 

The various physical and chemical processes of plant and animal life 
are simply the manifestations of the properties of protoplasm It is 
these properties which we recognize as distinguishing the living from 
the nonliving world 

The protoplasm of animals possesses four fundamental properties 
(1) irritability or excitability (2) conductivity (3) the power to 
convert the potential energy of food material into other forms of en 
ergy — thermal mechanical chemical or electrical and (4) growth 

Imtability or excitability. These terms refer to the ability to re 
spond to a stimulus A stimulus may be defined as some change in the 
environment occurring at a sufiicienily rapid rate The amoeba for 
example when stimulated as by the touch of a stiff hair or by heating 
the water in which it is immersed shows that it is alive by a movement 



and a change in form of us mimile body (Fig 2 1) Also the excised 
muscle of the frog shows its irritability so long as it remains alive by 
shortening (contracting) when stimulated m one or another of several 
ways (mechanically thermally chemically or electrically) 

Condactivity. The effect caused by a stimulus is not confined to the 
region m the immediate neighborhood of the stimulated point but 
spreads throughout the mass of protoplasm Thus when one end of a 
muscle is stimulated the contractile process travels to the other end 
When the stimulus ceases the pan of the muscle to which the stimulus 
was applied is the first to resume the resting state the opposite end 
of the muscle is the last to become inactive This phenomenon of the 
stimulated muscle illustrates the property of conductivity Conduc 
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tivity reacnes iis nighest development in nervous tissue. The disturb- 
ance set up in a nerve fiber by a stimulus is transmitted to the farthest 
end of the fiber, 'which in some Instances is several feet long. In a 
warm-blooded animal, the disturbance or impulse, as it is called, is 
transmitted at the rate of some 300 feet per second — i.e., at about the 
velocity of a revolver bullet. 

Metabolism. The ability which protoplasm possesses to liberate 
and convert to its us^ thp energy.stored in fpnH Tnnfftri.^Uw«>- 
'ierreft .IS melabolism\ see also pTsSl ). The term embraces all those 
chemical reactions occurring in the tissues and from which energy is 
derived for the performance of muscular work or for sustaining the 
vital processes— se.g., the contractions of the heart, the activity of the 
nerve centers, the generation of body heat, and the manufacture of 
the digestive 'and other essential secretions (e.g., those of the ductless 
glands). Upon chemical reactions also depends the growth of the 
young animal. In the digestive tract, the food materials are broken 
down into simpler compounds which are absorbed by the blood and 
rebuilt to form body tissue. 

The Cell 

In very simple forms of life— eg, the amoeba (Fig. 2.1) — a single 
small mass of protoplasm, called a cell, composes the organism’s en- 
tire body. Such organisms are called unicellular. Other forms of life 
whose bodies are constituted of many such microscopic blocks of pro- 
toplasm are called multicellular. Higher animals are constructed of 
immense multitudes of cells grouped together into various patterns to 
form the different tissues of the body. 

Though, as we shall soon see (p. 39), cells vary greatly in size 
and shape, the majority possess certain characteristics in common. 
Each possesses a smaller ovoid or globular body called the nucleus 
which in a typical cell lies near us center (Fig. 2.2) The protoplasm 
surrounding the nucleus and constituting, in most instances, the main 
bulk of the cell is called the cytoplasm. 

The nucleus. The nuclear substance or caryoplasm is somewhat 
more viscous than the surrounding cytoplasm. The most important 
and essential nuclear material is in the form of granules ^ and is 
called chromatin (Gk. chroma, color) which stains deeply with basic 

» It IS doubtful whether. Jtt the livmg cell, the chromatin is in the form of 
granules The latter are thought bv some histologists to be the result of the reagents 
A»sed m preparing the cell for micToseopical examination. It is probable that in the 
untreated cell the chromatin is in the form of threads. 
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dy« such as hematoxylin. The granules appear to be disposed along 
a netlike framework in the spaces of which is an almost structureless 
viscous substance called the nuclear sap. Chromatin material is rich in 
nucleoprotein, which is a simple protein combined with nucleic acid 
(Chap. 9). The nuclei of most cells contain one or two small round 
bodies called nucleoli (sing, nucleolus) which stain with add dyes 
such as eosin Some of the masses of chromatin are conspicuous for 
their large size, and are known as caryosomes. 



Fig. 2.2 Theccn. 


The function of the nucleus is closely related in some way to the 
metabolic activity of the ceil, and (be hereditary characters of the 
latter are bound up with thr chromatin material, which breaks up 
into a definite number of separate pieces called chromosomes in the 
first stage of cell division (see Mitosis, p 25). 

The cytoplasm. The cytoplasm stains with acid dyes so that with 
double staining the cell nucleus and the surrounding cytoplasm are 
strongly contrasted. There are six types of structure within the cyto- 
plasm which will now be described: (1) mitochondria, (2) the ce/i- 
trosphere with its centriolc, (3) Golgi apparatus or network, (4) fi- 
brils, (5) vacuoles, and (6) fne/uston bodies. The first four of these 
arc known collectively as organelles or organoids; they are living 
structures — integral parts of the cytoplasm. 

(1) Mitochondria (Gk. mitos, a thread chondros, a granule). 
These are short threadlike, rod-shaped or granular structures scat- 
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tered throughout the cytoplasm (Fig, 2.2). The function of the mito- 
chondria is uncertain but they appear to be associated with cellular 
metabolic proc^es. 

(2) The centrosphere or central body. This is a small sphere or 
oval of protoplasm lying close to one pole of the nucleus. It contains 
two small, sharply staining granules called centrioles. These latter in 
the resting cell (i.e.. a cell not undergoing mitosis) are closely asso- 
ciated with' cell reproduction; during mitosis they are centers from 
which fine lines arc seen to radiate, forming the so-called asters. 

(3) Golgi apparatus or network. This was first described in 1898 
by the cclebrat^ Italian histologbt Camillo Golgi. It consists of a 
meshwork of fibrils in the neighborhood of the centrosphere. Little is 
known of the function served by the Golgi apparatus, but in gland 
cells it appears to be closely associated with their secretory activity. 

(4) Fibrils. Very fine filaments are to be found in most cells, in 
which they form an infinitely fine interlacement throughout the cyto- 
plasm. They are prominent elements in nerve and muscle cells, in 
which they run along more or less parallel lines. In some tissues they 
pass from cell to cell forming protoplasmic bridges. 

(5) Vacuoles. In certain cells, round or oval and apparently empty 
spaces known as vacuoles are present. Sometimes they form part of a 
system of fine canals. The wall of the vacuole consists of a definite 
membrane which, in certain unicellular forms, is capable of rhythmic 
contraction, the vacuole absorbing fluid from the surrounding proto- 
plasm and discharging it to the exterior. Such a contracting vacuole 
serves In these forms as an excretory organ. 

(6) Inclusion bodies. These, as their name implies, are not integral 
parts of the cytoplasm; they are such particulate matter as granules of 
carbohydrate, representing the food in storage form, pigment (in skin, 
retina, etc.), and secretory granules — e.g., the Imogens of the salivary 
and pancreatic cefts (p.325). 

The cytoplasm at the circumference of the cell is condensed to form 
what is usually referred to as the cell membrane. This acts as a semi- 
permeable membrane (p. 65), and also serves to stiffen the contour 
of the cell and to give it definite shape. The view is widely held that 
the cell membrane is composed mainly of lipid (fatlike) material. 

Multiplication of cells — mitosis and amitosis. The body cells of de- 
veloping and growing tissues multiply by a process called mitosis or 
caryocinesis. In this method of cell reproduction, complicated changes 
occur in the (.hromatin, preparatory to the division of the nucleus and 
cytoplasm and the formation of two new cells. The latter are called 
daughter cells. 
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Fig. 2.3 Mitosis: A, B. and C, prophase; D, inetaphase; E and F, anaphase 
lateral views; G, polar view; H and 1. telophase. 


Though mhosis is a continuous process, it is customary to describe 
it in four stages.* prophare, mefaphase, anaphare, and telophase. 

Prophase. In the first stable or prophase, the chromatin loses its 
granular appearance and forms a number of bent or twisted and 
somewhat tangled filaments called spireme threads. The centrosphere 
divides into two equal parts, each of which contains a centriole. The 
newly formed centrosphercs move apart, but remain connected by 
delicate protoplasmic strands which stretch between them. These 
strands arc known as the mantle fibers and the fusiform structure 
which they form is referred to as the spindle. Protoplasmic filaments 
also radiate into the cytoplasm from the ccnirtoles giving a starlike 
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appearance to the latter, which are now called asters; the rays them- 
selves are called astral rays. Toward the end o£ the prophase, \he 
spireme threads break up into shorter and thicker sections. These are 
the chromosomes (Gk. chroma, color + soma, body). The nucleolus 
and the nuclear membrane have disappeared (A, B, and C, Fig. 2.3 ) . 

Mctaphase. In the second stage or metaphase, the chromosomes 
have migrated to occupy the equatorial plane of the cell where they 
split lengthwise into two equal halves (D, Fig 2.3). The asters have 
by this time moved to opposite poles of the cell and the mantle fibers 
stretch to the corresponding chromosome halves; these latter are 
spoken of as homologous chromosomes. One member of each pair is 
composed of chromatin of the female parent (le., contributed origi- 
nally by the ovum, See Chap. 14), the other member represents the 
paternal (spermatozoon) contribution. 

Anaphase. In the third stage or anaphase, the homologous chromo- 
somes are completely separated and, as though moving along the 
mantle fibers, reach opposite poles of the cell The cell has become 
elongated (E, F, and G, Fig. 2.3). 

Telophase. In the final stage or telophase, changes follow which 
are the reverse of those of the prophase The chromosomes become 
longer and thinner, resembling (he threads of the spireme; they are 
later joined by filaments to form a reticulum. The nucleus divides into 
two and the nuclear membrane and nucleolus are reformed in each 
new nucleus. The cytoplasm then divides, and two daughter cells are 
formed (H and 1, Fig. 2.3). 

It should be mentioned that the size, shape, and number of chromo- 
somes vary with the species, but arc always the same and characteris- 
tic for any given species of animal or plant. The chromosome num- 
ber is 46 in man, 24 in the mouse, 4 in certain species of round worms, 
and 1 6 in the onion. It is also clear that, through the splitting of each 
chromosome into two, the nucleus of each daughter cell is assured of 
receiving the exact number of chromosomes characteristic of the spe- 
cies (see also Chap. 14). 

In certain very primitive forms of life and occasionally, though 
usually under abnormal conditions, in the bodies of higher animals, 
reproduction occurs without any preliminary changes having occurred 
in the nucleus. This type of cell reproduction is called direct or ami- 
totic division. In one type of amitosis, the cells divide into equal parts, 
half of the nucleus going to each new cell. This is called simple or 
binary fission (Fig. 2.4), In some forms <e,g., yeast cells), the cells 
reproduce by “pinching off” a part of their protoplasm, the newly 
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fonned cell being much smaller 
than the original. This form of 
division is called “budding.” 
Certain animal forms such as 
sponges also reproduce in this 
way (Fig. 2.5). 

Sexual reproduction — i.e., 
the reproduction of an entirely 
new organism composed of 
many different tissues by the 
union of sex cells (spermato- 
zoon and ovum) — will be de- 
scribed in Chapter 14. 

With a few exceptions the 
cells composing the tissues of 
the adult bodies of higher ani- 
mals do not multiply. A nerve 
cell, or a cell of the liver, heart, 

muscle, for example, once it 

has been destroyed is not re- 
placed by a cell of its kind. Its 
Fij. 2.4 Simple or bioary fitjion. « CHed by Ebrous (scar) 

tissue. Blood cells, connective 
tissue cells, and the cells of the epidermis and the surface epithelium 
of the mucous membranes, on the other hand, arc replaced when they 
die by their own type of cell. But the adult cells of even these tissues 
do not multiply; a red blood cell or an epidermal cell, for example, 
once formed does not divide. The production of new cells of these 
tissues is a function of younger 
more primitive cells in the bone 
marrow or in the deeper layers of 
the epidermis, respectively. Were it 
not for the inability of the cells of 
most adult tissues — nervous, he- 
patic. cardiac, muscular, etc. — to 
reproduce their kind, our bodies 
would, barring accidents, be im- 
mortal. Aging would be unknown; 
our organs and parts would be the 
scat of a ceaseless process of re- 
juvenation. But it is inevitable that 



Fig. 2.S Budding of yeast cells. 
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with the passage of time the cells of vital structures show deteriora- 
tion—undergo a progressive degenerotion. This aging process com- 
mences at birth, and gradually, when the cells of some important 
structure are unable to perform their essential function, death occurs. 


The Tissues 

Each of the various parts and organs of the body of a higher animal 
is highly specialized for the particular function which it is called upon 
to perform. Since any organ is a mass of cells, its specialization must 
depend upon the character of the cells of which it is composed. The 
amoeba performs all the fundamental functions — respiration, diges- 
tion, excretion, etc. — within the compass of a single cell. Like a soli- 
tary pioneer on the frontiers of civilization, it must do all those things 
which are necessary for its existence. In the multicellular animal, the 
cells have undergone diSerentiation into various types and, like the 
classes of individuals making up the population of a civilized com- 
munity, each type, though highly proficient in the execution of one or 
other particular function, has lost the versatility of the primitive or- 
ganism. The tissues of the body are divisible into four main types— 
epUhelial, muscular, nervous, and connective — according to the type 
of cell of which each is composed. The structure of nervous tissue is 
described in Chapters I Land 12. 

The epithelial tissues^^ithelial cells serve as a protective covering. 
They are arranged in a series of layers, or strata to form the outer 
part of the skin (epidermis); they also 'line the digestive, respiratory, 
and urinary tract^Other types of epithelial cell have acquired secre- 
tory functions. The various external secretory glands (digestive, mam- 
mary, sweat, etc.), as well as some of the glands of internal secretion 
(thyroid, parathyroid, anterior pituitary), are composed of epithelial 
ceffs CChap. ftJ). 

In many situ^ions thf/wHs rest upon a very thin sheet of delicate, 
rather4ndistinct{fibnl^rnbeflded in a cement substanceJ^ftis is known 

as the basement membranTsin certain other structures e.g., the 

mucosa of lhe($gestive tract^the cells lie upon a much thicker layer 
of connective tissue called the membrana propr^ 

EpitheUal cells are of several varieties. Som^the columnar type, 
are relatively long and narrow, appearing under the microscope as 
slender columns set side by side like the stakes in a palisade (Fig. 
2.6). In some situations, as in the linings of the nose, trachea (wind- 
pipe) , and bronchi, the columnar cells are surmounted by fine hairlike 
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Fig 2 7 Ciliated columnar epilhebum 


«ructures called ciha (Fig 2 7) Ciliated epithelium also lines the 
Fallopian tubes, epididymis, Eustachian (auditory) tubes, and the 
middle ear The cilia, which arc some 3 or 4 microns ‘ in length, show 
an incessant motion They bend quickly in one direction and then 
more slowly recover their original position The movement is repealed 
at the rate of ten or more per second The rate is slowed by cold and 
accelerated by warmth Carbon dioxide, ether, chloroform, or alcohol 
vapor causes cessation of the movements In the case of the respiratory 

* A irncron ^ u milluneter, a mdltineter h about ^ Inch 
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passages, the quick movement is toward the extenor — that is, from 
below toward the larynx or from above toward the nostrils The cilia 
do not beat m unison, on the contrary, each beats a little time before 
Its neighbor placed nearer the extenor Thus, waves or nppJes appear 
to pass over a ciliated surface like a field of standing wheat stirred by 
a breeze The advantage of such a motion is obvious it serves to 
sweep mucus and dust, or other small particles, from the respiratory 
passages In the Fallopian tubes the cilia act to propel the ova to their 
destination (Chap 14) 





Fig 2 12 Transitional epithelium, lin- 
ing distended bladder 




Epithelial cells, that are about as broad as they are long, are called 
cubotdol (Fig 2 8) Another type of epithelium is composed of thin 
platelike or scalehke cells, and is therefore termed squamous (squama 
— scale) (Fig 2 9 ) In some situations, as on the inner surface of the 
tympanic or drum membrane (Chap 13), the epithelium consists of a 
single layer of squamous cells lying edge to edge as in a pavement In 
other places, as in the skin, cornea, and lining of the mouth and va- 
gina, therd are several strata of cells The deepest ones are cuboidal 
or columnar, those covering the surface are squamous Between these 
two types IS a senes of layers whose cells decrease m thickness in each 
successive stratum nearer the surface This type of epithelial tissue is 
termed stratified squamous epithelium (Fig 2 10) 

* -vodified type of stratiP^ ••oithelium, called transitional, lines 
the pelvis oi luu *.juiiey, ureter, bladder, and part of the urethra Its 
surface cells are cuboidal rather than squamous In the case of the 
bladder, this type of epithelium has the remarkable property of ad- 
justmem m relation to the state of the organ In the distended bladder 
there arc but three layers of cells, whereas in the empty vtscus the 
number of layers is increased to sia. the most superficial cells being 
rounded while the cells of the underlying layers are flask shaped or 
pear shaped (Figs 2 1 1 and Z 12) 

The skm The sktn consists of two mam pans The more superficial 
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of these is called the epidermis or cuticle: the deeper portion is known 
as the dermis, corium, or true skin (cutis vera). The epidermis is 
composed of stratified epithelium; distinguishing microscopical fea- 
tures at different depths enable it to be described in four layers which 



have been given special names. These layers from the surface inward 
arc: (I)4he stratum corneum or horny layer, (2) the stratum lu- 
(3) the stratum granuhsum, and (4) the stratum germtnati- 
vum (see Fig. 2.13). 

The stratum cprneum consists of clear scalelike cells which arc 
very thin near the surface but increase in thickness in successively 
deeper layers. The cells of the homy layer contain a protein called 
keratin (p. 361) and are without nuclei; the most superficial cells 
arc being continually shed and replaced from below. The stratum 
luetdum (clear layer) is a narrow glistening band in which the cells 
are very indistinctly marked off, and contain, as a rule, no nuclei. 
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The siraium granufosiim is made up of two or three, sometimes 
more, layers of tnangular, rhomboid, or spindle shaped cells, nu 
merous coarse darkly staining granules are to be seen in the cyto- 
plasm The stratum germmauvttm (also known as the stratum mu 
cosum or the prickle layer) consists of a layer of columnar or cuboidal 
cells lying upon and anchored to the conum, and some four to 



Fig 2 14 Vertical section through the skin shovving ap 
pendages 

SIX overlying layers of angular cells connected to each other by short 
protoplasmic spines or prickles Multiplication of the cells of the 
skm lakes place in this laycr^ cspcctally ux the most deeply situated 
cells, It IS the only layer m which mitosis can be observed It is from 
this fact that the layer derives Jls name Most of the skm pigment is 
present in this layer (see below) 

The dermis or conum is composed of loose connective tissue which 
contains the vessels and nerves of the skm From its more superficial 
portion tonguelike processes — papillae of the skm — project into the 
overlying epidermis which appears to be molded over them 
The skin contains numerous small tubular glands (sweat glands 
and sebaceous glands) which arising in the dermis pass vertically 
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outward through the epidermis to open upon the surface. These 
glands, together with the hairs and nails, are referred to as the ap- 
pendages of the skin. 

Beneath the dermis is a layer of connective tissue which usually 
contains much fat; it is called the subcutaneous tissue. 


The hairs are developed from the epidermis but penetrate into the 
subcutaneous tissue. They arc composed of an elastic homy mate- 
rial and have a definite structure. The shaft of the hair is that part 
projecting beyond the surface of the skin; the buried part is called 
the root. The lower end of the root shows a swelling known as the 


hair bulb. The elongated socket en- 
closing the root of the hair is called 
the hair follicle; it is composed of 
several layers of epithelial cells sur- 
rounded by a connective tissue coat. 
Delicate strands Of smooth muscle 
— the erectors of the hairs (orrcc- 
tores pihriim; sing., arrector pilae) 
— arise in the outer part of the der- 
mis and run obliquely inward to be 
attached to the hair follicles near 
their middle. These muscles cause 
the erection of the hairs of animab 



Fig. 2.15 The fingernail. 


and the feathers of birds. They cause that roughening of the skin in 
man known as "goose flesh.” 

The nails. The human naik are homy curved plates firmly ad- 
herent to the dermb upon which they are molded. This part of the 
dermis is called the nail bed. The part of the nail embedded in the 
skin b called the root. The nails of man and the horns, claws, and 
hoofs of animals are modified epidermis (Fig. 2.15). The hard shiny 
exposed part ot the nad Is a thickened and greatly expanded stratum 
lucidum. The stratum coraeum is represented only by the thin layer 
of cuticle at the base of the nail which tends to overlap the lunula — 
the half-moon-shaped pale area at the nail base. The nails grow in 
length by the multiplication of the cells composing the outer layers of 
the stratum germinativum. 

The living color and the temperature of the skin depend upon the 
blood in a network of minute veins lying in the dermis immediately 
beneath the papillae, and called the subpapillary venous plexus. The 
blood in thb plexus shows through the overlying epidermis. When 
the vessels are dilated, the skin is a deeper color and usually warmer 



36 PROTOPLASM. THE CElt. THE TISSUES 


than when they are constricted. However, changes in skin tempera- 
ture are not due so much to the caliber of the cutaneous vessels 
as to the rate of blood flow through them; that is, to the volume of 
blood in a unit of time that is drawn from the deeper, warmer parts 
of the body to the superficial vessels. 

The hue of the skin — that is, its tenden^ to take on either a pink 
or a bluish tint — is dependent upon the degree to which the bloc^ in 
the superficial vessels is oxygenated. If the blood contains the normal 
proportion of oxyhemoglobin, the skin has a pink or a scarlet hue; 
if it contains an abnormally high concentration of reduced hemo- 
globin, the skin will have a bluish tint. Therefore, in states in which 
the oxygenation of the blood in the lungs is interfered with as in 
pulmonary disease or strangulation, or the peripheral circulation is 
slowed as in heart disease, the skin is bluish (see cyanosis and anoxia. 
Chap. 6) 

The permanent skin color — ^that is, the shade or tint of the skin 
independent of that caused by its blood supply — is due to fine gran- 
ules of a pigment known as melanin present in certain cells of the 
stratum germmativum. In fair-skinned races, these cells, which ore 
known as melanoblasts, are to be found only in the deepest cells of 
this layer but, in the darkest skins, they are present throughout the 
prickle layer and may even extend into the stratum granulosmn. 



Fig 2.16 Section of mucous membrane from the esophagus. 


The skin carries out two essential functions: (1) to protect the 
underlying more delicate and sensitive tissues from mechanical, 
thermal, and chemical injuries, and from the inroads of bacteria 
(Chap. 5) or other pathogenic organisms; and (2) to aid in the 
regulation of the body temperature (p. 375). Small quantities of 
waste materials, especially urea, are excreted by the skin in the sweat. 
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This mode of elimination is probably of little importance m health, 
but is sometimes invoked in advanced kidney disease when the 
physician employs every means to promote the secretion of sweat 
The skin is also an important medium through, which the body 
IS supplied with vitamin D (Chap 9) 

Mucous membrane The linings of the respiratory, digestive, and 
genitounnary tracts are called mucous membranes They consist of 
a layer or several layers of epithelial cells laid upon a basement 
membrane Beneath the latter lies a stratum of interlacmg connec 
tive tissue fibers known as the membrana or lamina propria, which 
in many situations immediately overlies a relatively thick layer of 
loose connective tissue containing vessels and nerves, and small 
glands (Fig 2 16), this is called the submucosa In the esophagus, 



ceUs 

stomach, and intestines, but not m the respiratory and genitourmary 
tracts, a layer of smooth muscle known as the muscularis mucosae 
lies between the lamina propna and the submucosa The epithelial 
cells of mucous membranes differ m kind according to their location 
In the trachea and bronchi, for example, there are a number of cell 
layers, the most superficial being of the columnar ciliated type, but 
in the esophagus the cells are stratified squamous, and in the stomach 
and intestines they are simple columnar 

Mucous membranes secrete a slimy, tenacious matenal called 
mucus This secretion, which contains a protein material (a glyco- 
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protein, p 361) known as mucm, is formed within the cytoplasm of 
the epithelial cells As the matenal accumulates the cell becomes dis- 
tended and, finally bursting, discharges us contents The mucus 
coats the epithelial surface, serving as a protection against injurious 
substances or to trap small foreign particles From their flasklike 
appearance when filled with mucus, cells of this type are referred 


Fig 2 18 Endothelial 
or mesothelial cells 


to as goblet cells Though a certain proportion of the epithelial cells 
constantly secrete mucus the num^r is greatly increased by me- 
chanical stunulation, or by infection or other harmful action We are 
all familiar with (he running nose of the common cold, and with the 
expectoration of mucus which accompanies inflammation of the 
trachea or bronchi (Fig 2 17) 

Endothelium is usually classified as a type of epithelial tissue It 
consists of extremely thin waferlikc cells with wavy or jagged edges. 
(Fig 2 18) which are laid edge to edge to form exquisitely delicate 
glistening membranes lining the chambers of the heart the blood 
vessels and the pericardial, pleural and abdominal cavities * The 
smallest lymphatic' and blood vessels (capiUanes) have transparent 
walls composed of a single layer of endothelial cells held together by 
a very ihm layer of a cementing substance (see p 50) 

Glandular tissue The epithelial cells composing glands are ar- 
ranged in various patterns {Fig 2 19) In one of the simplest iyp« 
of gland the secreting cells form a single tube which opens directly 
upon the surface (mucous membrane, skin, etc ) Such glands arc 
called simple tubular In other kinds of tubular glands, the deep 
part of the lube becomes branched In other glands again, the cells sur- 

* The term mesoiheKiim Is now tnually aj^lted to the Unmp ot the body cavities 
(pleural periloneal etc J the word endotheUum being reserved for the tinlnes of the 
heart blood vessels and lymphatics. But mesolhelium and endothelium are simitar 
in slniciurc and ongin 
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Fig. 2.19 Diagrams showing four 
types of gland. 1, simple tubular; 2, 
branched tubular; 3, simple alveo- 
lar; 4, compound alveolar. 



round a central more or less spherical cavity into which the glandular 
secretion is received. The cavity with its wall of secreting cells is 
called an acinus, follicle, or alveolus (see Fig. 2.20). The channel 
or duct leading from the acinus may open directly upon the surface. 
But In large glands of this sort, the duct joins a similar one from a 
neighboring follicle to form a larger channel which unites in turn 
with others of the same size. Successive unions of this kind result 
in the formation of a rich roollike system of ducts, the secretion being 
discharged to the surface ultimately through a single or a few large 
ducts. The salivary glands and the pancreas are glands of this latter 
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type, and, since the acini and the branching system of ducts bear a re- 
semblance to a cluster of grapes, th^ are called ccinar or racemose 
glands (L. acinus, a grape; racemus, a bunch of grapes) . 

In many glands, granules can be demonstrated •tvithm the cells; 
they vary in size, number, and distribution according to the secretory 
activity of the gland at the moment. These granules are the mother 
substance of the secretion; they constitute the material which, when 
the gland is stimulated to activity, Is converted Into the enzyme 



(p 288) or other essential component of the secretion. They are 
known m the former instance as zymogen granules. In an inactive 
or resting gland, the cells are loaded with granules, but when the 
gland is stimulated the latter move toward the cavity of the follicle, 
disappearing from the basal portions of the cells; with prolonged 
activity the cells are completely cleared of granules, the gland being 
then exhausted (sec Fig. 2.21). 

Muscular tissue. There arc two main types of muscular tissue: 
striated or sinp^a and unstnated or unstnped (also called plain or 
smooth). Skeletal or voluntary muscle — e.g , the muscles of the limbs 
and of other parts that carry out movements under the control of the 
will — is striated With the exceptioo of that forming the heart, the 
involuntary muscle of the internal organs— e g , stomach, intestines, 
bronchi and bronchioles, uterus. Fallopian tubes, etc — is nonstriated. 
The muscle fibers in the skin attached to the hair follicles, in the 
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walls of the blood vessels, and around the alveoli of various glands 
are also of the unstriated vanety. The muscle of the heart though 
striated differs in important respects from voluntary muscle (p. 158). 

Muscle cells are long and slender and for this reason are usually 
referred to as muscle fibers. They are usually tapered at their ends 
which are applied side by side to form longer or shorter chains They 
vary very greatly in length, from a few microns — the length of cer- 



Hg 2 21 Cross section of follicle of a racemose gland (e g , 
salivary) showing zymogen granules being discharged into 
alveolus 


tain nonstnated fibers — to 35 or 40 mm as shown by the fibers of 
some skeletal muscles. In the large muscles of the skeleton, great 
numbers of such fibers are massed together into bundles The bundles 
are bound together by connective tissue into larger masses. The 
contractile power of a muscle depends upon the combined effect of 
the innumerable fibers of which it is composed. 

Upon close examination under the microscope a striated muscle 
fiber shows a series of alternating light and dark transverse bands. 
Each fiber is ensheathed by a delicate membrane called the sarco- 
lemma (5orjr, flesh [mu5cle\ + lemma, husk), and running through 
Its entire length are a great number of fine parallel filaments — the 
myofibrils. The latter are embedded in the cytoplasm, which is usu- 
ally refened to as the sarcoplasm. Each myofibnl is constituted of a 
number of alternating light and dark sections. They are called the 
J and the Q discs, respectively (see Fig. 2.22). A narrow dark line, 
known as the Z line or Krause’s membrane, divides each light or 
J disc transversely into halves. The discs in all the myofibrils lie 





m Unc across the fibers— light to Itght and dark to dark They ate 
respons'ble for the crossbinding of the fiber mentioned above Tlie 
myofibrils are the most minute parts of the muscle which can be seen 
cl h microscope but even these delicate as they are. 

hroe l.ll.r'' *7 “f •''= 'limtron microscope to consist of a 

fsce n 407^^'^-^ threads of protein material called actomyosin 

Z L '""“'“‘y m'""® They 

are the essential contractile elements of muscle fiber 




comere. 

The striated muscl6\j^A contatft^ one\or more nuclei just^^ 
neath the sarcolcmma; in^OTg-fiber^vcfal.JudcUnftyHac'SearTlr 
having its nuclei placed near its outer boundary, the striated musch 
fiber differs from most other cells, in which the nuclei are centrallj 
situated. Each muscle fiber is separated from its neighbors and com- 



pletely enveloped by a thin investment of connective tissue. This 
sheath which lies outside of the sarcolemma is called the endomysium. 
A connective tissue layer, the perimysium, also encloses groups of 
muscle fibers holding them in bundles. The envelope of connective 
tissue surrounding the entire muscle is called the epimysium (Fig. 
2.23). See also page 479. 

The striated muscle fiber as viewed under polarized light. Light 
panlcifes tjjrioibns/ vitJrme m ail’piJmes ai'n^'angifes itritle'alfec- 
tion of the beam of light. Certain crystals, such as a Nicol prism, 
have the property of intercepting the particles in all planes but one. 
The light is then said to be polarized. If, therefore, two Nicol prisms 
are set up in the path of the beam and at right angles to one another 
all particles are intercepted, and no light whatever gets through to 
the eye. The field is completely dark. If, however, a muscle fiber is 
placed between two such "crossed” prisms, the field is no longer 
black, but shows alternate light and dark bands corresponding to 
the striations seen by ordinary light, except that the light or J band 
is now dark and the dark or Q band is light (Fig. 2.24). This is 
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Rg 2 24 Muscle fiber as seen by polar 
ized light Resting muscle on left con 
tractmg muscle on nghl Note that the 
Q and J discs become almost equal in 
thickness dunng contraction 


because the Q band contains some material, probably of a crystalline 
nature that is able to bend or twist part of the light transmitted 
through the hfst NjcoI m such a way as to allow it to get through the 
second The Q band is therefore said to be doubly refractive or aniso 
tropic (Gk on not + isos equal + fropos turning — i e unequal 
refraction) The J discs are said to be isotropic (equal refraction) 
Generally speaking unsinaied or smooth muscle fibers are shorter 
than the striated vaucly and arc usually spindle shaped (i e , thicker 
m the middle than at the ends), they do not possess a sarcolemma 
the nucleus is more centrally situated, and the myofibrils are few 
and inconspicuous They show no regular cross markings (Fig 2 25) 
The connec tive tis sues Connective tissue serves as a strengthen 
mg connecting and suppoiting matenal It binds together masses of 
other types of cell and forms a supporting framework for various 
organs Thus it holds bundles of muscle fibers together, forms 
fibrous investments (capsules) for the kidney, liver, etc , and enters 
largely into the composition of the deeper layers of the skin Tl also 
serves to fill in spaces between ncighbonng organs and parts, and 



Fig 2i5 Smooth (nominated) muscle fiben 
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LYMPHOCYTE 



replaces tissue which has been destroyed by injury or disease (scar 
tissue). Connective tissue proper consists of a mass of long slender 
fibers embedded in a homogeneous jellylike matrix or ground sub- 
stance. The ground substance predominates, cells being relatively 
few. The fibers are the elongated bodies or the long processes of 
the cells; nuclei are therefore spanely scattered throughout the tis- 
sue. In many types of connective tissue, the fibers possess elastic 
properties, due to the presence of a protein known as elastin. The 
walls of the blood vessels are also well supplied with elastic fibers 
which are found in two layers. The larger artenes recoil after stretch- 
ing almost as freely as a piece of rubber. 

In some regions, such as in the walls of the trachea, bronchi and 
bronchioles, in the larynx, in the deeper layers of the skin, and in 
certain ligaments of the spinal column, the connective tissue is dense 
and composed largely of elastic fibers. The tendons of muscles, the 
ligaments of the majority of the joints, and the membranous cover- 



Fig 2.27 Rbrou* connective tissue. 
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mgs of the mternal organs are composed of bundles of strong, tough 
which, though possessing little or no elastic property, are 
highly flexible These fibers contain a protein known as collagen 
and are therefore spoken of as the collagenous type of connective 
tissue fiber The typical cell of the connective tissues is the fibroblast 
From these the numerous fibers are derived Tlie fibroblast is a long, 
flat, spmdlc shaped cell with elongated processes or fibers In ten- 
dons, membranes, ligaments, etc , nuclei are relatively scarce, the sub 



rig 2 2S Adipose (fatty) tissue Clear spaces m the left hand figure are fat 
droplets in the figure on the right the fat has been stained black by osmic acid 
The fat cells are shown m various stages of development 


Stance of the tendon, membrane, or ligament being composed almost 
entirely, or at least predominantly, of fibers 

Areolar tissue is the most generalized and widely distributed form 
of connective tissue It is loose in texture and composed of an inter- 
lacement of collagenous and elastic fibers running in all directions 
a gelatinous ground substance, and a variable number of cells of 
diflerent types scattered throughout The meshes (areolae) between 
the fibers have suggested the name for this type of tissue Areolar 
tissue IS found beneath the skin (subcutaneous tissue), filling the 
spaces between muscles and the internal organs, and ensheathing the 
blood vesseb 

Areolar tissue is much more- cellular and contains leucocytes, fat 
cells, and various reticuloendothelial elements (p 94), as well as 
the fibroblasts just mentioned (Figs 2 26 and 2 27) » 

Adipose or fatty tissue is a modified connective tissue Certain 
cells of areolar tissue have the special ability to withdraw fat from 
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the blood stream and deposit it withm their bodies The fat collects 
within the cytoplasm as droplets which gradually increase in size 
until they ^ most of the cell, the original cytoplasm and the 
nucleus being displaced to the penpheiy and flattened against the 
cell membrane (Fig 2 28) Adipose tissue consists of a mass of such 
fat laden cells Other cells of the areolar tissue have been crowded 
out while the fibers have largely disappeared When the body loses 
weight, fatty tissue is one of the first to become reduced, it is drawn 
upon during starvation to furnish energy The fat cells undergo a 
transformation The fat droplets disappear the cells shrink and 
developing elongated processes assume the appearance of fibroblasts 
Adipose tissue is developed chiefly in subcutaneous situations and 
m the areolar tissue m relation to the abdominal organs 

Cartilage or gristle is also a modified connective tissue There are 
three mam types hyaline (glasslike) cartilage elastic cartilage and 
fibrocartilage 

Hyaline cartilage is translucent and of a bluish white color It con 
sists of large sphencal or oval cells embedded m a nearly homo 
geneous ground substance The cells are frequently found in pairs 



Fig 2 29 A section of hyaline cartilage 


or groups and are then flattened where they are m contact with one 
another (Fig 2 29) A narrow zone immediately surrounding the 
cartilage cells stains more deeply and is thus marked off (hough not 
very sharply from the rest of the ground substance It is relerred 
to as the capsule Hyaline cartilage is found coveting the ends of the 
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bones inside joints (articular, cartilage), between the anterior ends 
of the ribs and the breast bone or sternum (costal cartilages), and 
in the nose, trachea, and bronchi Tbe greater part of the skeleton of 
the embryo is first laid down in cartilage which undergoes gradual 
conversion into bone (ossification) during the development of the 
embryo and throughout the growth period of the young animal after 
birth The process of ossification is not complete in the human sub 
ject until adult life 

Elastic cartilage is yellow m color It contains the same type of cell 
as that seen m hyaline cartilage, but the ground substance is not 





Ftg 2 30 Thigh bone (femur) from which 
the minerals have been removed by acid, it 
is then able to be tied m a knot 


homogeneous, being reinforced by numerous elastic fibers This type 
of cartilage is found m the external ear, epiglottis, and Eustachian 
tube 

Fibrocartilage is tough and dense It is composed of collagenous 
fibers embedded m a homogeneous ground substance (matrix) This 
type of connective tissue is considered to bold a transitional post 
tion between hyaline cartilage and the dense connective tissue con 
stitutmg ligaments and tendons It is found in the form of discs be 
tween the vertebrae (intervertebral discs) and m the shoulder, knee, 
and hip joints In each of the latter three situations, it forms a nm 
to the articular cartilage, thus serving to deepen the joint socket 

Bone or osseous tissue, another type of connective tissue, contains 
a large proportion of mineral matter, chiefly calcium and phosphorus 
(as tncalcium phosphate and calcium carbonate), but, aUo smaller 
amounts of magnesium and traces of fluonne, chlorine, and iron 
Some bones (e g , those of the limbs) are developed by the dcposi 
lion of minerals m cartilage Others (eg , the bones of the cranium) 
are formed by the mineralization of membraneous tissue. 
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But for the stiffening effect of these minerals, the bones would be 
no more rigid than many other tissues. Figure 2.30 shows a bone 
from which the minerals have been removed by treatment with acid. 

Two types of osseous tissue enter into the construction of the long 
bones of the limbs. The shaft or diaphysis of a limb bone consists of 
a tube of hard compact bone, while the ends or epiphyses are com- 
posed of cancellous or spongy bone, covered by a shell of compact 
bone. 

A section of compact bone from the shaft of the femur (thigh 



Fig. 2.3 1 A. section of osseous tissue from the shaft of a leg bone, 
showing Haversian canals with concentric lamellae; B, enlarged draw- 
ing of a bone cell. 

bone) is shown in Figure 2.31. The heavily mineralized substance 
is laid down in a series of concentric plates or lamellae around nar- 
row channels, called Haversian canals. The latter run for the most 
part parallel to the long axis of the bone; they contain blood vessels, 
nerves, and soft connective tissue. The bone cells or osteocytes, 
which have oval bodies and numerous fiberlike processes, Ue in small 
cavities — Howship's lacunae — between the lamellae. Fine canals 
(canalicuU) leading from the lacunae lodge the processes of the osteo- 
cytes. The canals of neighboring lacunae communicate with one an- 
other. The bony lamellae arc thus pierced in all directions by a sys- 
tem of fine interconnected channels. The hollow center of the shaft 
of the bone is filled with a soft, fatty material called the yellow mar. 
row. 

The osteocytes are of two types — osteoblasts and 


osteoclasts. 
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Through the activity of the former type of cell, bony tissue is laid 
down and molded in the growing bone. The osteoclasts are respon- 
sible for the absorption of bony tissue. Thus, by the properly bal- 
anced actions of these two types of bone cell the growing bone is 
sculptured into its characteristic structure and shape. 

Cancellous bone is made up of slender bars of osseous tissue called 



Fig 2.32 Section of the up^r end of the th<^ bone (femur) showing can- 
cellous bone Note the heavier bars of bone along the hoes of stre$s~-ie., 
through which the weight of the body is transmitted 


trabeculae which interlace with one another (Fig. 2 32), and give a 
spongelike pattern to the bony structure. The spaces between the 
trabeculae are filled with a soft, dark red tissue called the red mar- 
row which is responsible for the manufacture of red blood cells, 
granular leucocytes, and probably also the blood platelets (Fig. 
2.33). This substance consists of a mass of immature retbSlood cells 
and granular leucocytes in various stages of their developmbnt, as well 
as the forerunners of the platelets — the me^acaryocytes (Chap. 3) — • 
and a few mature erythrocytes and leucocytes The ribs and bod- 
ies of the vertebrae as well as the ends of the long bones are com- 
posed of cancellous bone covered by a thin layer of corftpact bone. 
In the cranial bones, the spongy bone is also found sandwiched be- 
tween two layers of dense bone. 

Intercellular substances. Between the cells forming a solid tissue 
there IS a semifluid viscous and structureless material resembling a 
soft jelly. In most tissues this gelatinous material is very scanty and 
serves as a glue or cement to hold the cells together ajtif to permit 
water, dissolved substances, and even paniculate matten^o pass be- 
tween the cells. Thus, material passes readily through the .capiUaty 
wall from the blood into the surrounding fluid m the tissiic spaces. 
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Fig. 2.33 ShowiQg a sectioo of red bone marrow EO, eosinophil leucocyte; 
ER, erythrocyte, LY, lymphocyte. ME. megakaryocyte. NE, neutrophil leuco- 
cyte; NO, normoblast; NU, extruded nucleus from normoblast, PR, primitive 
erythrocyte. PL. primitive leucocyte. R, reticulocyte, RE, reticulocyte with ex- 
truded nucleus; HE, earliest stage io development of the blood cells-^ancestor 
of both red cells and granulocytes (hemo^oblast) 

or in the reverse direction from the extravascular fluid into the blood 
stream. This material between the cells is called intercellular cement. 
In other tissues— e g., the connective tissues — the jellylike material 
is more abundant and forms a matrix in which cells and fibers are 
embedded. It is called intercellular ground substance. Chemically, 
it consists of hyaluronic acid. It is present as a homogeneous jellylike 
cell-free material in several situations, such as in the interior of the 
eyeball (the vitreous body), and as a thick covering for the umbilical 
cord, which has been known for many years as Wharton’s jelly. 
Hyaluronic acid is liquified by an enzyme known as hyaluronidase. 
This enzyme is present in many tissues of the body. When injected 
subcutaneously, its liquifying action upon the ground substance of 
the subcutaneous tissues enables any injected fluid (e.g., physiolog- 
ical saline) to penetrate more widely from the point of injection. 
When certain tissue extracts (e g., of testes) were observed to exert 
such an action, the factor responsible, whose chemical identity was 
then unknown, was referred to as the “spreading factor.” Hyaluron- 
idase is also produced by certain bacteria which are thus aided in 
spreading through an infected tissue. 



Th£ Blood, Lymph, and 
Tissue Fluids; the Spleen 
and the Retkulo-endothelial 
System 


The blood and tissue fluids of multicellular animals perform those 
functions which m unicellular forms are carried out through the 
medium of their watery environment Thus, the amoeba receives its 
oxygen through diffusion from the surrounding water. Carbon di- 
oxide produced within the cell diffuses outward through the cell 
membrane. Respiration, the absorption of oxygen and the elimina- 
tion of carbon dioxide, is therefore a relatively simple process for 
t e amoeba. The processes of nutrition and excretion are accom- 
P IS ed in a manner equally primitive. Food matenals pass through 
the cell membrane either in solution or as fine particles, and waste 
products pass into the surrounding medium. Other requirements of 

e unicellular organism, such as the maintenance of an optimum 
temperature and the proper degree of moisture, are dependent upon 
ine immediate environment. 

Tic elemental needs of each cell in a multicellular form, from the 
men prupittve type to the highest vertebrate, are the same as those 
ot the unicellular organism; yet in the evolution of higher forms, the 
cells constitutmg their bodies have become far removed from imme- 



THE BLOOD, LYMPH, AND TISSUE FLUIDS 53 


diate contact with the outside world. No longer can the exchange of 
respiratory gases, the acquisition of nutriment, and the excretion of 
waste products be carried out in the direct and simple manner prac- 
ticed by the unicellular forms. The more primitive of the multicellu- 
lar types overcame the difficulty by the development of canal systems 
which opened upon their exteriors and through which the water 
flowed freely, in and out, bringing oxygen and nutriment to the more 
deeply lying cells and bearing carbon dioxide and other excretory 
products away. This, the first attempt at a circulation, was an open 
one. As higher forms evolved, the circulation became closed — the 
waters of the environment no longer flowed through the body. Yet, 
the vessels of this closed circulatory system were filled with a liquid 
which took the place of and fulfilled the duties of the watery environ- 
ment of the more primitive types. The blood and other body fluids 
may be looked upon as that environment which has been enclosed 
within the bodies of the higher forms, but whjch has undergone cer- 
tain modifications in composition to meet the requirements of the 
more specialized cells of various types of which their bodies are com- 
posed.-.^ s 

^In^ealth, the chemical constitutions of the blood, and body fluids 
generally, vary with respect to both gases and solids in solution, 
within but very narrow limits. The mechanisms maintaining this 
relative constancy — the chief of which are the lungs, kidneys, skin, 
bowels, and ductless (endocrine) glands— Interact in the most com- 
plex manner and cany out their functions with the greatest precision. 
They respond with the utmost delicacy to any condition which might 
tend to cause any departure from the normal slate. This relatively 
unvarying composition of the internal environment has been named 
. homeostasis by the late Professor Cannon of Harvard. 

-^iprfinr n nf hl n mi-nntt hody flnids. The functions of the blOOd 
ad body fluids are summarized as follows: 

1. Respiratory. The transport of oxygen from the air in the lungs 
> the tissues, and of carbon dioxide from the tissues to the lungs, 
z. Nutritive. The conveyance of food materials, glucose, amino 
rids, and fats from the alimentary canal to the tissues. 

Excretory. The removal of the waste products of metabolism; 
,g., urea, uric acid, creatinine, etc. 

'4. Maintenance of the water content of the tissues. Though the 
lood itself is contained within definite channels — arteries, capil- 
iries, and veins (p. 121) — a constant interchange of fluid takes 
lace across the walls of the finest vessels (p. 65). It is the fluid lying 
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outside the blood vessels — the interstitial or tissue fluid — and not the 
blood Itself which comes into actual contact with the cells of the solid 
tissues Such fluid is comparable to the watery environment of uni 
cellular forms of life and may be rightly looked upon as the cellular 
or internal environment of higher forms or, as the great French 
physiologist of the nineteenth century, Claude Bernard, termed it, 
the milieu interne Interstitial fluid closely resembles the blood plasma 
m composition and is identical in this respect to lymph (p 98) 
Through the medium of the interstitial fluid, the final stage in the 
passage of oxygen and food material to the cells, and the first stage 
of the )oumey of carbon dioxide from the tissues to the lungs and of 
other waste products to the kidneys is made 

Regulation of the body temperature (see p 376) 

^ 6 Protective and regulative The blood, tissue fluids, and lymph 
contain certain chemical substances of a complex nature, antitoxins, 
lysms, and other antibodies which are the basis of the body's defense 
against bacteria and injunous agents of various kinds The blood is 
also the vehicle by which the hormones of the different ductless 
glands (Chap 10) are earned to all parts of the body 
Tlie distribution of the body water. The total quantity of water 
m the body is around 70 percent of the body’s weight Part of this 
water, about 20 percent of the body weight lies outside cells and is 
therefore called extracellular water It 
comprises the water of the blood plos 
ma, of the lymph of the interstitial or 
tissue fluid, and the small amounts of 
fluid in the pleural and abdominal 
cavities and in the pericardial sac 
(p 115) The water within the tissue 
cells, the mtraccllular water, is much 
more abundant, amounting to about 
50 percent of the weight of the body 
The partitions of the body water are 
shown in Figure 3 1 and the water 
content of the several types of tissue 
are given m Table 3-1 It may cause some surprise that the water 
content of the blood is no greater than that of some of the so called 
solid tissues 

In health, the volume of body water is kept remarkably constant 
Any tendency toward a reduction in volume arouses the sensation 
of thirst, and a balance is struck between the intake and the output 



Rg 3 1 Diagram showing Ihc 
divisions of the body water 
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Table 3>1 


Percentage of water in severol types of tissue 


Adipose tissue 

20 

Blood (cells 65, plasma 92) 

80 

Batte (marrow free) 

2S-30 

Connective tissue 

60 

Kidney 

80 

Ljver 

70 

Muscle (striated) 

Nervous tissue 

75 

Gray matter 

85 

White matter 

70 


of water The amount of water taken into the body daily, or over 
any considerable period, must equal the amount lost from the body 
(i e , the water output) Otherwise the body would lose or gain weight, 
the tissues would contain less (i e , become dehydrated) or more than 
the normal amount of water 

The water intake compnses water drunk as such or as other bever- 
ages, as well as the water in semisolid and solid food ’ The output 
of water takes place through the skin, the expired air (which is 
saturated with water), and in the unne and feces 

A balance sheet of the intake and output of water for an average- 
sized man, at moderate air temperature and humidity, is given m 
Table 3-2. 


Table 3-2 


The wafer balance 
(24-hour period m cc) 

InlaXe Output 


Solid and semisoUd food 

1200 

Skin 

. 350 

Water of metabolism ‘ 

300 

Expired atr 

. 500 

Drinks (v-Titer, milk, coflce. 


Unne 

1500 

tea, etc ) 

1000 

2500 

Feces 

, 150 

2500 


1 ^!cats. bread and the so-called soM foods, other than those consfstmg targefy 
of fat, actually contain a large proportion of water Lean raw beef (muscle), for 
example is 75 percent water before cocAmg Even perfectly dry food 
water to the body during its metabolism its hydrogen being oxidued to waicr 
(H,0) Thu u called the na/er cj meubatism 
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The amount of water lost through the skin surface and lungs 
amounts to about one third of the total water output Water is lost 
through the skm not only m sweat, but as a result of the diffusion 
outward of water from the moist tissues beneath the skm and its 
evaporation from the body surface Even though no secretion of 
sweat occurs, as in the rare instances when sweat glands are lacking, 
water is continually being lost from the body in this way as from any 
moist object The water lost through skin and lungs vanes, of course, 
with the temperature and humidity of the air The greatest loss occurs 
in a hot, dry atmosphere A rise m air humidity reduces evaporation 
from4he body surface and consequently the amount of water lost m 
this way is also reduced A rise in body temperature increases water 
lost both by increasing the rate of respiration and by increasing the 
evaporation from the body surface In fever, therefore, excessive 
water loss (dehydration), unless guarded against, is likely to occur 
The physiological mechanisms controlling ihe body’s water bal- 
ance are of the utmost complexity and delicacy, they can only be 
touched upon lightly here The composition of the blood (its osmotic 
pressure), the antidiuretic hormone of the pituitary body (p 438), 
the sense of thirst, and the activity of the kidneys are the chief factors 
concerned Any tendency toward a reduction m body water is fol- 
lowed by a nse in the osmotic pressure of the blood which stimulates 
the output of the hormone of the pituitary body and reduces the 
output of unne, at the same time the sensation of thirst signals to 
consciousness the necessity for drinking and thus replenishing the 
body’s store of water Generally speaking, water can be retained 
m the body only as an isotonic solution (p 67), that is, one with 
an osmotic presure identical with that of the fluids withm the tissue 
cells Therefore, any dilution of the blood m electrolytes, or any 
undue concentration, is counteracted as just indicated, by mcreasmg 
the water output or intake, respectively 


Composition of the Blood 

The blood is a highly complex fluid in which are suspended solid 
elements — the blood cells or corpuscles Though blood is fluid, it 
must be classed as a tissue As a manor of fact, the water content of 
blood IS not greatly higher than that of most of the so-called solid 
tissues If a tube is filled with blood and rotated rapidly m an instru 
ment known as a centrifuge, the cells arc thrown down to the bottom 
of the tube The blood is thus separated into two portions — a packed 
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mass of cells which constitute around 45 (44 to 47) percent of the 
volume of the specimen and an almost clear, faintly yellow fluid 
called the plasma, which makes up the remaining 55 (53 to 56) per- 
cent. To obtain a precise measurement of the proportion of red cells 
to plasma, an instrument called a hematocrit is employed (see PI. 
I and Fig. 3.7). The plasma contains pro/e/nr as well as many organic 
and inorganic substances in solution — nutritive and waste materials, 
antibodies, hormones, and other compounds of an unknown or im- 
perfectly known chemical constitution The specific gravity of whole 
blood is about 1.055; that of plasma about 1.027 The cells of blood 
are of three types — the red corpuscles or erythrocytes, the white cor- 
puscles or leucocytes, and the platelets or thrombocytes. 

The composition of blood is summarized as follows: 

Whole blood 

A. Cells- 

(1) Red corpuscles or erythrocytes 

(2) White corpuscles or leucot^ies 

(3) Platelets or thombocytes 

B. Plasma. 

(1) Water 90 to 92 percent 

(2) Solids, 8 to 10 percent 

(a) Proteins, 7 percent Serum albumin, serum globulin, and 
fibnnogen 

(b) Inorganic constituents, 0 9 j>ercent Sodium, calcium, potas- 
sium, magnesium, phosphorus, etc 

(c) Organic constituents (other than protein) Nonprotcm ni- 
trogenous substances (urea, unc aqid, zanthme, hypoxan- 
thine, creatine and creatinine, ammonia, and aminoacids), 
neutral fats, phospholipids, cholesterol, glucose 

(3) Respiratory gases, oxygen and carbon dioxide * 

(4) Internal secretions, antibodies, and vanous enzymes. 

The plasma proteins. The total protein concentration of the plasma 
is around 7 percent. The plasma proteins are of three types — serum 
albumin (4 percent), serum globulin (2.7 percent), and fibrinogen 
(0.3 percent).* The origin of the serum albumin is not known with 
certainty, but the experimental evideni^ points to the hver as the most 
probable source; there is little doubt that fibnnogen is produced 
in the liver. The serum globulin is derived from the lymphocytes. 
It was thought at one time that plasma protein was food protein 

* Plasma from which Uie fibnooges has been Temoved through clotting is called 
serum. 
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which was being transported from the digestive tract to the tissues 
It IS now known, however, the food protein is not absorbed as such, 
but must first be broken down into its constituent ammo acids (p 360) 

By a special method (electrophoresis) the serum globulin can be 
split into three fractions called alpha, beta, and gamma globulins 

The proteins of the plasma serve several important function'! 

(a) they exert an osmotic pressure amounting to from 25 to 30 mm 
of mercury, which is a factor of first importance m the regulation of 
the blood volume (p 63). and in the excretion of urine (p 276), 

(b) they give viscosity to the blood, and thus aid to some degree in the 
maintenance of the blood pressure (p 147), (c) the fibrinogen, but 
not the other kinds, plays an essential role in the coagulation of the 
blood (p 103), and (d) the gamma fraction of the serum globulin 
(gamma globulin) is associated with the production of immune bod 
les (pp 101 and 215) The concentration of this protein is increased 
during the process of immunization 

Most of the organic constituents of the plasma other than protein 
represent waste products of metabolism (e g . urea, uric acid, etc ) 
together with nutritive materials (e g , ammo acids, glucose, and fats) 
absorbed from the intestinal tract Of the inorganic constituents of 
plasma, sodium chloride is in highest concentration The plasma also 
contains potassium, calcium magnesium sodium bicarbonate, and 
minute amounts of iodine and iron Phosphorus is present m both in- 
organic and organic forms The concentration of inorganic phos- 
phorus IS about 3 mg and that of the organic form about 40 mg per 
100 cc of blood Potassium is in relatively high concentration in the 
cells of the blood and in the cells of the solid tissues, but is in low 
concentration in the plasma and the body fluids generally Sodium 
has a reverse distribution, being relatively high m the blood plasma 
and the body fluids, but is in low concentration in the blood cells and 
in the cells of the solid tissues In some species this mineral is absent 
from the erythrocytes (sc^ Table 3 3) 

Table 3-3 


Inorganic constituents of plasma, itd cells, and whole blood 
Milligrams per 100 cc. average values 



Sodtum 

Poras 

Slum 

Cal’ 

eium 

Afagne 

Slum 

Chh- 1 
rine 

Iodine ' 

Iron 

Plasma 

340 

20 

10 

27 

370 

0 001 

01 

CclU 

0 

420 

0 

60 

190 


100 

Whole blood 

160 , 

200 

S 

40 

250 


50 
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The proportions of the inorganic elements in plasma, blood cells, 
and whole blood are given in Table 3-3. The concentrations of min- 
erals in blood cells and plasma may be taken as representative of 
their proportions in the cells and fluids of the body generally. Serious 
results follow if, as in adrenal Insufficiency (p. 425), these relation- 
ships are disturbed. 


The Red Blood Cells or Erythrocytes 

The human erythroc)rtes of man and those of most higher animals are 
circular disc-shaped cells possessing no nucleus. They have a mean 
diameter of 7.2 microns (0.0072 millimeters), and a thickness of 


Fig 3.2. Showing the diam- 
eters of a red blood cell. 

about 2 2 microns (Fig. 3.2). The central portion of the cell is 
much thinner than the circumference which, therefore, appears as a 
rim around a central depression. This construction gives the cell a bi- 
concave contour or a roughly dumbbell outline when viewed edgewise. 
In shed blood, the red cells show a tendency to adhere to one another 
by their flat surfaces. This arrangement, which resembles a stack of 




Fig 3 3 Showing erythrocytes in 
rouleaux. 


coins toppled over (Fig. 3.3), is spoken of as a rouleau and the proc- 
ess as rouleaux formation. The cell is bounded by a membrane com- 
posed of protein in association wth the lipid materials, lecithin and 
cholesterol. The chief function of the red cells is respiratory; namely, 
to cany oxygen from the lungs to the capillaries (p. 249) of the var- 
ious tissues, and mainly in an indirect way, to transport carbon diox- 
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1 — Fig 3 4 Hcmocylometcr for 

^ counling the red blood cells 1, 

(( pipette for diluting blood sam- 

i M 1 1 1 1 I'n n- ^ provided uith 

iT^ 1^0 platforms on each of which 
ruled squares marked by +, and 

2 r . shown highly magnified in 4, arc 

1 r tngravcd ^ch square has an 

q •!■ I area of 1/400 sq mm 3 slide in 

j "‘.'I cross section with cover glass m 

^ I position The skin near the base 

I of the thumb nail IS pricked with 

’ * a stenle needle or a fragment of 

glass and blood drawn into the 
pipette as far as the mark 0^ A 

3 r ° * iT j r T~ ^ suitable diluting fluid is then 

I tU t-J [ sucked up as far as the mark 

101 The blood is thoroughly 
mixed with the diluting fluid 
' (the glass bead m the dilated 

part of the pipette facilitates 
mixing) The fluid m the stem of 
the pipette is first expelled a 
drop of the blood diluted I part 
m 200 is (hen expressed on to 
the surface of each platform of 
the glass slide and a cover glass 
laid on A trench bounding each 
platform on three sides provides 
for any overflow The depth of 
the film of diluted blood be 
tween a platform and a cover glass ts 1/10 mm The volume of diluted blood 
marked off by one square is therefore 1/4000 cu mm The blood cells m a num 
ber of squares ate counted and the average taken The concentration of cells in 
cubic milbmeter of blood is then readily calculated If the average number of 
ceils in each square is 7 then the total number m a cubic millimeter is — 
4000 X 7 X 200*=5600000 

4000 X 7 X 200 = 5 600 000 

(cumm (average (dilu (cells per 

fluid over cells bon) cu mm) 

1 square) per square) 

The white cells are counted in a similar manner but the blood is diluted 1 in 
20 by a fluid which destroys the red cells a similar pipette but with appropnaie 
graduation is employed 


ide from the tissues to the lungs (pp 111 and 252) The ability of the 
cell to carry oxygen is dependent upon its containing a remarkable 
pigment called hemoglobm (p 68) It is to this pigment that the 
charactenstjc color of blood is due 
The number of red cells m a cubic millimeter of blood is usually 
slated to be 4,500 000 for women and 5,000,000 for men As a mat 
ter of fact the Values m health arc somewhat higher than these, and 
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in a robust young male 6,000,000 is not an unusual figure. The num- 
ber shows some slight variation during 24 hours, being lowest in the 
early morning, but increasing gradually throughout the day. The num- 
ber of red cells is somewhat higher (by half a million or so per cubic 
millimeter) in newborn infants than in older children or adults. 

The number of red cells in a cubic millimeter of a given specimen 
of blood is determined by counting the cells beneath the microscope. 
The instrument used for such a purpose is called a hemacytometer 
(see Fig. 3.4). The actual procedure followed m the enumeration of 
the red and white cells is described in the legend By knowing the 
number of red cells per cubic millimeter (i.e , their concentration) as 
well as the quantity of blood in the body (p 63), an approximate 
estimate of the total number of cclk in the circulation may be arrived 
at. The figure is about thirty-five trillion (35,000,000,000,000). 

Variations in the number of red cells. The red cell count (i.e., the 
number of red cells in each cubic millimeter of the blood) is in- 
creased: (a) during muscular exercise, (b) at high altitudes, and 
(c) as a result of a rise in environmental temperature. Also, a loss of 
water or of plasma from the blood (anhydremia, p. 83), although 
obviously not increasing the total number of circulating cells, will 
raise their concentration, and will therefore increase the red cel! count. 

The rise in the red cell concentration which occurs during muscular 
exercise, and at high environmental temperatures, is due mainly to 
contraction of the spleen which serves as a reservoir for red cells 
(p. 96). Contraction of the spleen also occurs when a person breathes 


Fig. A graph of the 
reticulocyte response to 
low tension of oxygen in 
the atmosphere (high alti- 
tude). (After Barcroft.) 
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rarefied air (i e , air having a low pressure of oxygen) either in a 
closed chamber, in which the atmospheric pressure is reduced arti 
ficially, or in airplane or mountain ascents An extra supply of red 
cells IS thus discharged into the circulation If the breathing of rarefied 
air IS continued over a long penod, as by those living m mountainous 
regions the red bone marrow — the tissue wherein the red cells are 
manufactured (p 50) — is stimulated Us bulk is considerably in 
creased and the red cell count is permanently raised A count of 
8 000 000 is not unusual in mountain dwellers When the red bone 
marrow is suddenly stimulated by a tow oxygen tension as when a 
person who has been accustomed to live at a low altitude ascends to 
a great height (over 10 000 feet), the cells that arc discharged into 
the general circulation are m a somewhat immature stage of their de 
velopment These cells, which normally are less than 1 percent of the 
red cells m the general blood stream may increase to constitute 5 
percent or more of the total number of red cells These slightly im 
mature cells are known as reticulated cells or reticulocytes (p 70, 
see also PI 2 and Fig 3 5) 

Blood whose concentration in red cells has been raised either b) 
contraction of the spleen or by the greater manufacture and discharge 
of corpuscles from the red bone marrow, is capable of carrying a 
greater load of oxygen from the 
lungs to the tissues This is a dis 
tinct advantage during muscular 
exercise or when the pressure of 
oxygen in the atmosphere is low 
In the latter instance the high 
red cell count helps to compen 
sate for the low oxygen pressure 
of the atmosphere 

When the temperature of the 
environment is raised the dis 
charge of blood from the spleen 
serves the useful purpose, through 
augmenting the volume of circu 
lating blood of increasing the 
capacity of the body’s heat radiating system and thus aiding m the 
regulation of the body temperature (PI 6A) 

Abnormalities in the form and structure of the erythrocytes Nu 
tlcatcd cells containing hemoglobm and of the same see as erythro- 
cytes are known as normoblasts (sec p 70), they are normal con 
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A NUCLEATED era 

Fig 3 6 Some abnormal types of 
erythrocyte found In the blood in 
anemia 
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stituents of the red bone marrow, but are only seen in the general 
circulation in anemia or other abnormality of the blood. Also, the pres- 
ence in the circulation of Tcliculo<^cs persistently over 1 percent is 
abnormal, or at least unusual. In disorders of the blood, r^ cells in 
very early stages of their development and containing little or no 
hemoglobin appear in the circulation, as well as deformed erythro- 
cytes known as poikilocytes. These latter include mulberry, shrunken, 
hourglass, and other bizarre shapes. Shrinkage of the erythrocytes 
with the production of eminences on their surfaces, like the mulberry 
forms just mentioned, can be induced by immersing the cells in a 
hypertonic saline solution (p. 68), when, as a result of the higher 
salt concentration in the surrounding fluid as compared with that in- 
side the cell, osmotic force causes the transfer of fluid from the cell. 
Such shrinkage and deformation of the cell is called crenation (Fig. 
3.6); the process whereby it is produced is the reverse of that causing 
hemolysis (see p. 84). 

Cells below or above the normal size are characteristic of certain 
anemias (p. 72). 


The Volume of the Blood 

The total quantity of blood in the body of an average-sized man (70 
kilograms) is around 6 liters (over 6 quarts), or about one eleventh 
of the total weight of the body. It can be measured in the living sub- 



Fig. 3.7 Hematoent. Blood to which sodium oxalate or other anti- 
coagulant agent has been added is drawn into the graduated tubes 
which are then placed in the holder and rotated in a centnfuge at a 
rate of 3000 revolutions per minute. The blood is thus separated into a 
red (cells) and a straw-colored portion (plasma), the proportions of 
each being easily determined by means of the graduations on the tubes. 

ject by injecting a solution of a harmless dye into a vein. Vital red is 
the dye most commonly used for this purpose. A few minutes after 
its injection the dye becomes thoroughly mbted with the circulating 
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blood A sample of blood is then withdrawn from a vem by means of a 
synnge, and the plasma separated from the cells by centnfuging The 
plasma, which is now colored pink by the dye, is compared with a 
standard solution containing the dye jn known dilution The extent to 
which the sample of injected dye has been diluted in the blood stream 
IS thus arrived at From this the total volume of the plasma is calcu- 
lated But It IS desired to know the volume of the whole blood — i e , 
of cells and plasma The next step is, therefore, to determine the pro 
portion of cells to plasma in a sample of the subject’s blood This is 
done by centnfuging a sample of blood m an instrument known as an 
hematocrit (see Fig 3 7) If the blood has the normal proportions of 
cells and plasma — namely, 45 percent and 55 percent, respectively — 
and the volume of the plasma as indicated by the dilution of the dye in 
the circulation is 3 4 liters (3400 cc), then the total blood volume is 
H X 100 - 6 1 liters 

Another method of more recent development in which the volume of the 
whole blood is measured employs a radioactive isotope of iron (Fe”) 
Eiythfocyies from a healthy donor belonging to a compatible blood group 
(p 78) are ‘ tagged” with the isotope by lojectmg the latter into the donor 
some 24 hours previously A sample of his blood is withdrawn at the end 
of this period, its radioactivity is determined, and it is then injected into 
the subject whose blood volume is to be estimated After time has been 
allowed for thorough mixing m the circulation, a sample of blood is 
drawn and a determination made by means of a Geiger counter of the quan- 
tity of radioactive iron that it contams, the dilution of the injected blood m 
the recipient's blood is then calculated and the blood volume estimated 

Regulation of the blood volume. The passage of materials tlurongh 
membranes. The volume of the blood in health remains remarkably 
constant There are two mam factors m its regulation (a) the osmotic 
pressure of the proteins of the plasma and tissue fluids, and (b) the 
hydraulic or hydrostatic pressure of the blood m the capillaries and 
of the fluids surrounding them 

Osmotic pressure may be best explained by citing an example If 
an aqueous solution of cane sugar or sodium chloride is placed in a 
small closed sac made of a suitable membrane and immersed in water, 
and if the mcmbrance is permeable to water but impermeable to the 
molecules of the dissolved substance, then water will pass into the sac 
but the sugar or salt molecules will not pass out (that is, into the sur- 
rounding water) The pressure within the sac, therefore, rises, the 
walls of the sac become distended and may rupture The force created 
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in this way is spoken of as the osmotic pressure. 

The dissolved material appears to “attract” or 
“draw” the water through the membrane. A 
membrane which permits the passage of water, 
but bars the passage of some water-soluble sub- 
stance is said to be semipermeabJe with respect 
to that substance (Fig. 3.8). Now, the mem- 
brane forming the walls of the capillaries 
(which connect the small vessels on the arterial 
side of the circulation with the small veins, see ^ 
p. 124) is semipermeable only in so far as the 
plasma proteins arc concerned. It permits the 
passage of water and the relatively small mole- 
cules of sugar, urea, sodium chloride, and other 
crystalloids, but hinders the passage of the rela- 
tively very large molecules of the plasma pro- 
teins. Only very small quantities of the latter 
pass through the capillary wall. The proteins p,g 3.5 Diagram IN 
of the plasma, therefore, exert a force which lustrating osmotic pres> 
“draws" water from the surrounding tissue ^ fonned of 
spaces, and tends to prevent the passage of brlneirtotenrf to me 
water out of the vessels. The crystalloids (sugar, end of a tube The large 
sodium chloride, etc.) on the contrary exert dots represent sugar 
little or no osmotic pressure in so far as the 
plasma and the tissue fluids are concerned. The Water passes through 
osmotic force exerted by the proteins of the the pores of the mcm- 
plasma equals a pressure of from 25 to 30 mm i^icated by 

‘ . TT s . T . the arrow. The pressure 

of mercury (mm Hg).* In order to overcome w.jhm the sac rises as 
this osmotic pressure and drive water and dis- shown by the height of 
solved sails through the capillary wall, an op- column m the 

posing hydraulic pressure must be applied This 
is provided by the pressure of blood in the capillaries. The capillary 
blood pressure must, of course, be greater than the protein osmotic 
pressure. Such a relationship between osmotic and hydraulic pressures 
exists at the arterial end of the capillary. But a gradual fall in blood 
pressure occurs from the arterial end where it amounts to a little over 
30 mm Hg, to the venous end where it is around 12 mm Hg. In the 


• nie pressure exerted by the plasnui proteins is very low as osmotic pressures 
go. A solution of cane sugar or a solution of an electrolyte, such as sodium chloride, 
when separated from water by a semipermeable membrane (impermeable to the 
sugar or salt but permeable to water) would exert an osmotic pressure hundreds of 
times greater than that exerted by the blood pUsma. 
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venous end of Ihe capdlaty, 
the osmotic pressure, therefore, 
exceeds the hydraulic pressure 
by several millimeters of mer- 
cury, and fluid is “drawn" back 
into the vessels (Fig 3.9). 
Thus, through the passage of 
fluid from one part of the capil- 
lary and Its return to the circu- 
lation at another part, oxygen 
and nutnlive materials are con- 
veyed from the blood to the 
tissue cells, and carbon dioxide 
and other waste products from 
the cells to the blood The os- 
motic and hydrostatic pressures 
of the tissue fluids surrounding the capillaries ore also factors which 
must be considered in the transference of fluid across the capillary 
membrane The osmotic pressure of these fluids serves to counteract 
m part the osmotic pressure of the plasma The tissue fluids also exert 
a certain, though small, hydrostatic pressure which offsets somewhat 
the driving force of the capillary blood pressure 
In order to visualiie the passage of molecules or ions through a 
membrane, which appears to be a continuous sheet, it is supposed 
that the membrane is pierced by numberless “pores” or “channels," 
and, acting like a sie\e, permits molecules below a certain size to 
pass but bars the escape of larger particles Such a mechanical con- 
ception, though It may not express the precise truth, does, neverthe- 


eArim*T 



Fig 3 9 Illustrating the exchange of 
fluid between blood ceptflary, tmue 
spaces, and lymph vessel 



Fig 3 10 Diagram to illustrate the retenuon of large molecules 
(plasma proteins) within the circulation, and the escape of 
smaller ones (sodium, chlonde, glucose, urea, ammo acids, etc ) 
The relative dimensions of the molecules and of the blo)^ and 
tissue cells are represented only in a very general way 
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less, explain why a membrane, such as that forming the capillary 
walls, permits the free escape of the small molecules of water, sugar, 
sodium chloride, etc , while bamng the transmission of the much 
larger molecules of the plasma proteins (see Fig 3 10) When, how 
ever, we come to consider other membranes, such as the one envelop 
mg the erythiocyte, any structure of a svevelike nature fails to explain 
the free passage of some ions and the barring of other smaller ones 
With the exception of the hydrogen ion the membrane of the red cell 


Table 3-4 


Blood 

Hydrostatic pressure 
30 mm Hg 

Net or effective hydrostatic pressure 
22 mm Hg 

Osmotic pressure 
25 mm Hg 

Net or effective osmotic pressure 
IS mm 



Tissue fluid 


Hydrostatic pressure 


8 mm Hg 

ss 


? 

1 

Osmotic pressure 

0< 1 

10 mm Hg 

6 



Therefore, force driving fluid from capillaries = 7 mm Hg 


IS almost impermeable to cations, such as those of potassium (K"’'), 
sodium Na"^), and calcium (Ca++) As we have already seen, the m 
tenor of the blood cells and also the tissue cells are nch in potassium 
but poor or quite lacking in sodium, or calcium, or in both The blood 
plasma on the other hand, and the body fluids generally, have a rela* 
lively high concentration of sodium and a moderate content of cal- 
cium Anions, such as HCO,” (of carbonic acid) and Cl", pass freely 
across the boundary of the red corpuscles The membrane thus holds 
potassium within the cells while preventing the entrance of sodium 
and calcium These facts cannot be explained on the basis of size, for 
the HCOs ion is larger presumably than the potassium, sodium, or 
calcium ion 

Except for small vanalions which occur from time to time as a 
result of ionic interchanges the osmotic pressures of both the plasma 
and the fluid within the red cell are equal The contents of the cell 
and the plasma are in osmotic equilibrium, or isotonic, which is the 
customary term If distilled water be added to the plasma, or the cells 
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be placed in a salt solution of lower osmotic pressure than that of the 
mtenor of the erythrocytes — ^ihat is, the cells are now surrounded by 
a hypotonic solution — water is “attracted ' or ‘ drawn” into the cells 
which then increase in volume and lose their hemoglobin (p 84) 
On the other hand, when, as described elsewhere, the erythrocytes 
are immersed in a fluid having a higher salt concentration than the 
plasma — that is, in a /lyper/onit;^ solution — water is lost from the cells 
which become shrunken or crenated (p 63) 

A homely illustration of osmotic effects is afforded by the behavior 
of an unskmned fruit such as a peach when it is placed in water (the 
water being hypotonic with respect to the fluids within the peach skin 
which acts as a semipermeable membrane) or when it is placed in a 
strong solution of sugar (which is hypertonic) In the first instance, 
water is absorbed by the peach whidi then swells and may burst its 
skin In the second instance, the peach shrinks because water is 
* drawn from it by the concentrated sugar solution in which it is im 
mersed 


Hemoglobin 

Hemoglobin, the coloring matter of the blood, belongs to the class of 
conjugated proteins, its molecule being composed of a pigment group 
called hgme or hematm and a protein known as globm The heme, 
in turn, is constituted of a pigment called porphyrin combined with 
iron 

Porphynns are veiy widely distnbuted throughout animal and vege 
table life The green coloring matter of plants known as chlorophyll. 
and pigments in the plumage of certain birds are porphyrin com 
pounds The brown pigment m the shell of the hen’s egg is a porphyria 
very closely allied to the porphynn in hemoglobm Porphynns possess 
the property of combining with various metals — eg, copper, cobalt 
magnesium (in chlorophyll), silver, nickel, iron, etc Such compounds 
are grouped as a class under the term metalloporphyrins Heme is a 
member of this class, the metal m this instance being iron Hemoglobin 
is therefore a porphyrin iron globm compound 

The constitution of the hemoglobin molecule may be shown con- 
cisely as follows 

porphyrin -1- iron “ heme (or hematin) 
heme (or hematm) + globm “• hemoglobm 
It has been mentioned that hemoglobin serves as a carrier of oxy- 
gen from the lungs to the tissues This function is dependent upon the 
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unique property, which the pigment possesses, of forming a very loose 
or unstable compound with oxygen. The hemoglobin molecule con- 
tains four atoms of iron, each of which can combine with a molecule 
of oxygen. But a true oxide of iron is not formed: the hemoglobin is 
therefore said to be oxygenated, not oxidized. The oxygenation of 
hemoglobin may be represented thus: Hb, + 40* = Hb«0|. 

The affinity of hemoglobin for oxygen is remarkable. When ex- 
posed to air it combines rapidly with oxygen — the compound being 
then called oxyhemoglobin. If the oxyhemoglobin is then exposed to 
an atmosphere in which the oxygen pressure is low, the compound 
readily decomposes, oxygen being Iterated. That is, the oxyhemo- 
globin is reduced; the compound is then called reduced hemoglobin. 
The ease with which hemoglobin gives up its oxygen, as the oxygen 
pressure to which it is exposed is lowered, shows the loose way in 
which the oxygen and iron are combined. In a true Iron oxide, as we 
know, oxygen is in firm combination with the metal and is not re^ 
leased when the oxide is exposed to a low pressure of oxygen. 

The absorption of oxygen by the blood. The quantity of oxygen 
which blood will absorb is some sixty times greater than that which 
can be absorbed by an equivalent volume of water. For example, if 
100 cc. of water are exposed to an atmosphere containing the same 
percentage of oxygen as is present in the air of the lungs, about ^ cc 
of the gas will be absorbed. Yet 100 cc of blood exposed to the same 
atmosphere will absorb nearly 20 cc of oxygen. The difference is due 
entirely to the hemoglobin. The total amount of blood in the human 
body (5 to 6 liters) will hold from 1000 to 1200 cc of oxygen. This 
quantity of oxygen is used by the tissues in 5 minutes or so during 
rest, and in a fraction of a minute during strenuous muscular exercise. 
In the absence of hemoglobin, the entire duty for the carriage of 
oxygen would devolve upon the plasma (which is mostly water), and 
in order that this should be able to absorb and carry the quantity of 
gas necessary to satisfy the requirements of the tissues, its volume 
would have to be some sixty times greater than it is. The circulating 
•fluid instead of being 5 or 6 liters, or about one eleventh of the body 
weight, would need to be more than 350 liters — over five times the 
bulk of the solid tissues! 

The volume of oxygen which blood will take up when its hemo- 
globin is fully saturated is called the oxygen capacity of the blood. 
As just mentioned, this depends almost entirely upon the hemoglobin. 
The oxygen capacity of a sample of blood is therefore directly pro- 
portional to the quantity of hemoglobin which it contains. Each gram 
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of hcmoglobm takes up a maximum of 1 34 cc of oxygen Now, each 
100 cubic cciUimeters of normal human blood contains some 15 
grams of hemoglobin So then (15 X 1 34 — ) 20 cc is the oxygen 
capacity of 100 cc of normal human blood If, as m anemia, the 
hemoglobin content is below normal, the oxygen-carrying capacity 
of the blood is correspondingly reduced Further details of the role 
played by hemoglobin m supplying oxygen to the tissues — i e , its 
respiratory function — will be given in (Chapter 6, 


The Formafion and History 
of the Red Cells 

The red cells are manufactured in the red marrow of the bones — 
skull, ribs, vertebrae, and to much less extent except m children, m 
the ends of the long bones of the limbs The term hemopoiesis is ap- 
plied to the process of blood formation — i c , to the production of 
all types of blood cell When it is wished only to refer to the manu- 
facture of red cells, the term eryihropoiesls is employed The red cells 
pass through several stages of development before they are discharged 
from the marrow into the general circulation At one of the earliest 
stages leading to its maturation, the cell is quite large, has no hemo- 
globin, and possesses a nucleus The cells of this stage are called 
megaloblasts (Gk megas, mega!, large 4- blastos, a germ or sprout). 
A little later, the cell acquires hemoglobin, becomes reduced m size, 
and IS then called an eryihrobiast The stage of the normoblast follows 
(PI 2) The cell at this stage is about the size of a mature red cell, it 
contains its full complement of hemoglobin, but still possesses a nu- 
cleus In the final stage of maturation, the nucleus is expelled The 
cell IS now called a reticulocyte from the fact that when suitably 
stained its cytoplasm shows a fine reticulated or filigree pattern Many 
trite av stage o! dyyriopmerft. as wriiV as ■nurmtWasts, may be sttn 
in normal red marrow, but cells of the earliest stage, the megalo- 
blasts, are very scarce, and eryihroblasts are not plentiful The reticu-* 
locytes are discharged into the general blood stream, normally, they 
constitute only about 0 5 percent of the total red cells in circulation 
(Fig 3 5, p 61) As menttoned earlier, when the bone manow is 
stimulated, as by the low oxygen tension of the atmosphere which 
exists at high altitudes or by iron or liver administration m anemia 
(p 74), large numbers of reticulocytes appear m the general circu- 
lation They are also greatly increased in certain types of anemia 
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Within a few houn after their arrival m the general blood stream, the 
reticulocytes lose their reticulated pattern and are then mature red 
cells or erythrocytes In health, normoblasts, or any cells younger than 
these, do not leave the bone marrow But in certain types of anemia, 
red cells m any stage of development may be found in the general 
circulation 

The life of the red cell. The average life of the erythrocyte is around 
110 days (100 to 124 days according to various estimates) There 
are no special means provided for its destruction It simply wears out 
as a result of the stresses and strains to which it is subjected, and 
breaks up in the blood stream Small fragments hemocoma or blood 
dust as they are called, may often be detected during the microscopic 
examination of a specimen of normal blood The fragments are finally 
disposed of by the spleen, which contains large mobile cells which 
engulf them 

It has been estimated that m health something like a million cells 
per second disappear in this way and, of course, the same number 
must be formed afresh by the bone marrow The number of red cells 
m the body at any moment, therefore represents the balance struck 
between the red cell wastage and the production of new red cells by 
the bone marTOw 

Factors in the regeneration of the blood. The red cell, as we have 
seen, consists of a framework (stroma) composed of protein and 
lipid materials, and a complex pigment — hemoglobin The well- 
nounshed body possesses adequate supplies of building matenals for 
the manufacture of the cell stroma, and rarely is anemia due to any 
lack of the material required for the formation of this part of the cell 
Not a great deal is known with regard to the mechanism of hemo 
globin manufacture It might be thought that green foods since they 
are nch in the pi^ent chlorophyll (which, as mentioned on p 68, 
IS related chemically to heme), would supply elements necessary for 
hemoglobin synthesis Yet it appears that chlorophyll is not utilized 
to any important extent for this purpose Nor are the porphynn and 
‘‘the iron in hemoglobin when taken in food utilized for the formation 
of hemoglobin The heme cannot apparently be split into its constit 
uents by the digestive enzymes (see p 288 ) , and neither heme nor 
hemoglobin can be used intact for the production of fresh hemoglobm 
The globm part of the molecule can, however, be utilized and the 
feeding of hemoglobm hastens the regeneration of blood pigment in 
certain forms of anemia Not onlyjs tiie iron m heme unavailable but 
the metal in other organic combinations is not utilized or is utilized 
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very poorlj Iron m inorganic fonn (e g , ferrous carbonate or ferrous 
sulphate) is absolutely necessary for normal eryihropoiesis A diet de- 
ficient in iron leads to anemia (p 73), as does also the lack of first- 
class protein, the ammo acids of which are required for the produc- 
tion of globm The porphyrin part of the hemoglobin molecule 
(p 68) can be synthesized by the body from substances furnished in 
the food or from body tissues 

The ability of dogs on various diets to regenerate hemoglobin fol- 
lowing hemorrhage was studied by Dr Whipple and his associates of 
Rochester, N Y (see Table 3 5) 

Table 3 5 


The Influenee af diet upon hemoglobin production 


Diet grams daily 

Hemoglobin produced 
grams in 2 period 

Bread 400 

3 

Milk 450 bread, 400 

3 

Cream, 100, bread, 400 

10 

Spinach 200 bread 300 

15 

Raisins 200 bread 300 

25 

Eggs, 150 bread 300 

45 

Oivcken gizzard 250 bread 200 

8Q 

Chicken liver 250 bread 300 

80 

Kidney 250 bread 300 

70 

Beef liver, 450 

95 


Of all materials investigated liver was found to cause the most 
rapid restoration of the hemoglobin Kidney and chicken gizzard 
were also highly effective As we shall see presently, these expen 
meets led to the discovery of a highly effective means of treating a 
very grave type of anemia in the human subject 

It has been discovered withm comparatively recent years that cop 
per and cobalt though not themselves constituents of the hemoglobin 
molecule, are also necessary in some unexplained way, for the normah 
synthesis of the blood pigment 


Anemia 

When the concentration of hemoglobin is below normal, the condi 
lion IS called anemia There are several vaneties and grades of anemia 
In very severe types, the hemoglobin may be as low as 10 percent of 



ANEMIA 73 


the normal quantity; i.e., it may be 1.5 grams per 100 cc of blood 
instead of 15 grams, as in health. The reduction in the hemoglobin 
may be the result either of there being fewer red cells, as in the most 
severe types of anemia, or of there being less hemoglobin in each cell, 
the total number of cells not being very greatly reduced. In some 
forms of anemia, both of these factors are present. 

It has been mentioned that the number of red cells in the blood in 
health represents the balance struck between the loss of red cells 
through wear and tear in the circulation, and the production of new 
cells by the bone marrow. Anemia may result, therefore, from either 
increased destruction (or loss from the body) of red cells, or from 
diminished production. The anemias then may be divided into these 
two main categories. 

A. Anemias due to blood loss or increased destruction of red cells. 
1. Posthemorrhagic. In this type, a large amount of blood may be lost 
from the circulation either suddenly (acute hemorrhage) as a result 
of the opening of a large vessel — e.g.. In accidental wounds, duodenal 
ulcer, etc.— or by repeated small hemorrhages (chronic hemorrhage), 

2. Hemolytic. In this type, an abnormal number of red cells un- 
dergo destruction in the blood stream. Certain poisons— e.g., lead, 
arsenical preparations, etc. — cause destruction of the cells. In another 
type of hemolytic anemia, there appears to be some inherent defect 
in the erythrocytes themselves. They are more fragile and, in conse- 
quence, disintegrate more readily than usual. 

B. Anemias due to defective blood formation. This group embraces 
anemias caused by: 

1. Iron deficiency. Should the diet contain inadequate amounts of 
iron, anemia develops. In this type, the red cells, as a rule, are not 
greatly reduced in number, but they are smaller than the normal, and 
the concentration of hemoglobin in each cell is low. The pale color 
of the erythrocytes is usually quite evident upon microscopic examina- 
tion. The qualifying terms microcytic (Gk. micros, small -J- cytos, a 
cell) and hypochromic (Gk. hypo, low + chromos, color) are fre- 
quently employed in referring to anemias of this class. Infants after 
the age of 6 months are likely to suffer from this type of anemia, be- 
cause milk and other foods taken at this time are low in iron content, 
and the store of iron with which the baby came into the world has be- 

, come exhausted. 

2. Protein deficiency. A diet lacking in adequate amounts of pro- 
tein of good quality is conducive to the development of anemia, for 
the amino acids necessary for the tynthesis of the globin portion of 
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the hetnoglobm molecule are absent or scarce Food containing pro- 
tem of high quality as in meat, liver, imlk, eg^, etc , is just as impor- 
tant as iron for hemoglobin synthesis (see p 71 ) 

3 Vitamin deficiency A se\ere dietary lack of vitamin C or of cer- 
tain factors of the vitamin B compfex, especially pteroylglutamic 
(folic) acid, 15 sometimes a cause of anemia 

Anemias due to deficiencies in the diet are usually referred to as 
nutritional anemias 

4 Lack of the specific antianemic factor Anemia due to this cause 
IS commonly referred to as pernicious anemia because, until a cure 
was discovered in 1926 it resisted all forms of treatment and invar- 
iably caused death The hemoglobin may fall to a very low percentage 
of the normal, due to the great reduction m the number of red cells 
Each cell actually contains a little more hemoglobin than does a 
healthy cell The cells ate considerably larger than normal, and for 
this reason are called macrocytes (Gk macros, large -f cytos, a cell) 
In pernicious anemia, very large cells known as megaloblasts are also 
seen, often in large numbers They are very primitive cells, and re 
semble but are not identical with vciy immature erythrocytes of the 
same name found in small numbers m normal bone morrow This 
nonnal bone marrow cell, as well as the megaloblasts of pernicious 
anemia, contains no hemoglobin and in appearance is not unlike the 
large lymphocyte (p 86) 

The observations of Whipple and his associates, already men- 
tioned (p 72), suggested to two physicians of Boston — ^Drs Mmot 
and Murphy — that liver might be of value m the treatment of per- 
nicious anemia The spectacular success which followed the feeding 
of liver to victuns of this disease is now well known As a result of this 
work of epochal importance, pernicious anemia was deleted, almost at 
once, from the list of incurably fatal diseases 

It appeared that the liver normally discharged into the blood stream 
a principle essential for the maintenance of the blood hnnmg func- 
tion of the bone marrow It was therefore concluded that the failure 
of the liver to supply this essential pnnciple was the cause of per- 
nicious anemia It has since been discovered that this essential sub- 
stance is a Vitamin of the vitamin B complex It has been designated 
vitamin Bn and is present m many foods as well as m liver Extremely 
minute doses of this matenal given by mjection to a patient with 
pernicious anemia arrest the disease almost immediately But there 
IS more to this interesting story If pernicious anemia is caused by a 
lack of vitamin Bj, and this vitamin is present in most foods of any 
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good diet, including food taken by those who develop pernicious 
anemia, it may well be asked, “Why then does the disease ever oc- 
cur?” (See Fig. 3.11.) 


Fig 3 1 1 Diagram to show the 
normal mechanism governing 
red cell production Black discs, 
vitamin B,. (extrinsic factor), 
Uippled discs, enzyme (intrinsic 
factor). 



The answer is that the primaiy cause of pernicious anemia is to 
be found in a defect in the mucosa of the stomach The patient with 
pernicious anemia lacks an enzyme normally found m the gastric 
mucosa which is necessary for the absorption of adequate amounts of 
Bi*. When relatively very large doses of the vitamin are given by 
mouth to the pernicious anemia patient, as in a potent liver extract, 
a small part passes through the intestinal wall into the circulation 
and is capable of arresting the disease. Ordinary foods, however, do 
not contain the vitamin in such large amounts But, as mentioned be- 
fore, only a very minute dose of pure vitamin B,- (a mere fraction of 
a milligram) given parenterally is effective. Also, in the presence of a 
normal gastric mucosa, the amount of the vitamin in the diet is quite 
sufficient to prevent any lack of vitamin B,,. Pernicious anemia is, 
therefore, essentially a vitamin deficiency disease. Powdered hog’s 
stomach, since it contains the en^rnie essential for the absorption of 
vitamin B,, from the food, also arrests the disease.^ 

* The gastne enzyme has cot been identified but is not one of the known diges- 
tive enzymes, such as pepsin The presence of such a principie was onginaily pos- 
tulated by Dr. W B. Castle of Boston and generally known as Castle s intrinsic fac- 
tor According to the theory which, until lately, was very generally accepted, the 
Intrinsic factor acted upon an extrinsic factor in the food to produce a principle in 
the liver called the hematmlc firtnclple. The latter was the essential substance re- 
quired for norma! blood formation throu^ an action exerted upon me bone marrow. 
There was much soecutaiion as to the nature of the extnnsic factor, though some 
glimpse of the truth was gained, for it was thought to be a factor of the vitamin B 
complex or at least closely associated with the latter The extrinsic factor is now 
identified as vitamin Du, and as the so-called hematinic pnnciple as well 
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Another factor of the vitamm B complex, quite distinct from Bi„ 
has been found within recent years to exert a curative effect m per- 
nicious anemia It is present m green vegetables, liver, kidney, and 
other foods It was first named folic acid, but is now generally referred 
to by Its chemical name pteroylglutamic acid The action of this factor 
differs in certain respects from that of vitamin B,, It has no power, 
for example, to prevent or arrest the degeneration of the nerve tracts 
in the spinal cord and the resulting paralysis, which is a very serious 
complication of pernicious anemia The essential physiological rela 
tionship between this factor and vitamin Bi- is not altogether clear 

5 Toxic agents which depress the function of the bone marrow 
Certain chemical poisons (e g , benzene compounds, radium salts, or 
toxic substances) produced in disease (e g , nephritis and various in- 
fections) depress or destroy the function of the bone marrow In some 
instances, the bone marrow is almost lunctionless, is much reduced m 
amount, and few red cells arc produced to replace those which have 
been destroyed Circulating red celts as a consequence, fall to a 
very low level The term aplastic is given to this type of anemia 

Hemorrhage 

Hemorrhage may be defined as the loss of blood as a whole (i e , of 
plasma and cells) from the blood vessels The blood may escape from 
the body, as in accidents causing injuiy to an artery or vein— exTerncI 
hemorrhage On the other hand, the blood may pass into the surround- 
ing tissues, such as the brain or lungs or into one of the hollow vis- 
cera, such as the stomach or intestine This is called internal hemor- 
rhage However, the general eflecls are practically the same whether 
the hemonhage is external or internal If the quantity of blood lost is 
large, and especially if it occurs suddenly, the subject suffers severely 
from lack of oxygen as a consequence of the reduction m the number 
of erythrocytes There is a fall in blood pressure, as a result of the 
reduction m volume of circulating fluid, and the heartbeat increases 
in rate 

Of the physiological adjustments which ensue to safeguard the 
body against the dangere of blood loss, some are effected almost iffl 
meditcly after the hemorrhage, others not for some time The first 
requisite, of course, is that the bleeding be staunched This is accom 
plishcd through the clotting of the blood (p 102), the contraction 
of the walls of the divided vessels, and the sticking together of the 
inner coat of the vessel In this way the leak in the circulating system 
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may be repaired. The capacity of the circulating system must also be 
reduced, in order to conform to the reduced volume of the blood. 
This is brought about through nervous reflexes. Nerve impulses are 
transmitted from centers in the brain and cord to the small blood 
vessels (arterioles, p. 122) in parts of the body, such as the skin, 
muscles, and intestines, whose functions are not immediately essen- 
tial to life. The caliber of the vessels in these structures is narrowed. 
The blood pressure is therefore raised (p 153), and an adequate 
supply of blood to the heart and the vital centers in the brain thus 
maintained. The spleen responds to hemorrhage (p. 96) by con- 
traction and the discharge of a quantity of blood into the circulation; 
thus the blood volume is at once, in part at least, restored. The blood 
volume is also augmented by the passage of fluid — mainly water and 
salts — into the vessels from the tissue spaces. This process commences 
almost immediately after the blood has been shed and, provided that 
the hemorrhage is not very severe, restores the blood volume to nor- 
mal within a remarkably short time. The withdrawal of fluid from the 
tissues causes the subject to suffer from thirst, and the administration 
of fluids at this time is of value in hastening the return of the blood 
volume to its normal value. A longer time is required for the replace- 
ment of the plasma proteins and a longer time still for the complete 
restoration of the bl(^ cells by the bone marrow. The time following 
the hemorrhage, at which the blood cells are brought back to their 
normal number, varies with the nature of the diet (p. 72) , the quantity 
of blood which has been lost, and the recuperative powers of the in- 
dividual subject. After the withdrawal of a pint of blood from a healthy 
person for transfusion purposes, from 6 to 8 weeks elapse before the 
red cell count returns to normal. 


Transfusion , 

When more than 40 percent of the blood is lost over a short period of 
time the body is usually unable to repair the loss unaided. Some arti- 
ficial means of replacing the lost fluid must be resorted to. TTie intra- 
venous injection of blood, plasma, or serum, or of some artificial 
solution with the object of restoring the blood volume is called trans- 
fusion.^ 

Transfusion with whole blood. Blood obtained from another per- 
son (usually referred to as the donor) is the ideal transfusion fluid, 

* Strictly speaking, the word transfusion refen to the use of wnole blood, serum, 
or plasma, and infusion to the use of other fluids. 



78 THE BLOOD, LYMPH, AND TISSUE FLUIDS 


for It IS capable not only of restoring the blood \olume but of furnish 
ing erythrocytes as well The transfused cells survive for a consid 
erable length of time (probably for from 100 to 125 days) Blood may 
not be taken indiscriminately from any person and transfused into 
any other Great care must be execcis^ m the choice of the person 
(the donor) from whom the blood is taken, for the blood of one per- 
son may result m the death of another mto whose veins it is injected 
The patient who receives the blood is called the recipient Death may 
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Fig 3 12 Showing the method of deier 
mining (he group to which a sample of 
blood belongs black discs agglutiastion, 
while no agglutination If neither test 
serum causes agglutination of the corpus- 
cles of (he blood being tested the latter 
must belong to group O U the corpuscles 
are agglutinated by B but not by A serum 
(he blood belongs to group A If sgglulina 
tioa occurs with A but not with B serum 
the blood is of group B if both sera cause 
agglutination the unknown blood is placed 
tn group AB 


occur even though donor and recipient are closely related Such an 
untoward result is due to the patient's plasma containing a substance 
called an ogg/nimm while the donor’s erythrocytes contain a com- 
plementary substance called an aggfur/iiogen When unsuitable blood 
is transfused, the donor’s erythrocytes become gathered together into 
clumps — agglutination (PI 3A, and Fig 3 12) Such clumps of cells 
block the small vessels, later the cells disintegrate and liberate their 
hemoglobin The pigment in the process of excretion by the kidneys 
obstructs and damage the urinary tubuin, and the patient dies as a 
result of the suppression of unne Types of blood which, when mixed, 
behave In this way are termed jncompatible It has been discovered 
that the entire human population of the earth— of no matter what 
race — can be divided mto four groups according to the reactions of 
Ihcir bloods when mixed together The groups are designated, respecJ- 
tively, by the capital letters, O, A, B, and AB, Table 3 6 shows the 
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reactions between plasma (or serum) and the corpuscles ot the var- 
ious groups according to the classification worked out by Jansky ® 

It wiU be noted that the serum of group AB (vertical row on ex- 
treme right) does not cause agglutination of the corpuscles of any 
group 'Iliat is, the red cells of any donor, it would be expected, could 
be injected with safety into a subject belonging to group AB A per- 
son belonging to group AB has therefore been called die "universal 

Table 3-6 
Serum 
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A 

B 

AB 
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A 
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o- 
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+ 
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d 

AB 

+ 

+ 

+ 

“ 


+ = agglutination, — = no agglutination 


recipient ' It is also evident from the table that the corpuscles of 
group O are not agglutinated by any scrum (top horizontal row) A 
person of this group has therefore been called the "universal donor 
Serious reactions and even death may result, however, when the 
donor belongs to group O or the reciptent to group AB The terms 
“universal donor” and “universal recipient’ are therefore misleading 
The donor should when possible be of the same group as that to which 
the recipient belongs, there is then no fear of incompatibility m so far 
as the mam blood groups are concerned ' Or better still, the compati- 
bility of the two samples of blood should be tested before the transfu 
Sion IS made The clumping of the corpuscles which occurs when they 

• Previously the blood poups »ere desigtaled by Homan numerals I II III and 
IV The capital letters used today refer to the agglutinogen or agglutinogens present 
in the corpuscles O means that the cells contain neither of the two main agglutino- 
gens A that they contain one (A) B that they contain the other (D) and AB that 
they contain both In designating the two types of agglutinins (antibodies) in serum 
the Greek letters e a and ff are employed » means the absence of both a, 0 and off 
mean respectively that one or other or both are present Therefore to give the com 
plete charactenstic of a given type of blood in resect to its agglutinogens (corpuscles) 
and agglutinins (serum) we would wnte O (no agglutinogen both agglutinins) 
A(S (agglutinogen A agglutinin fl) Bor (aggluUnogen B agglutinin a) and ABo (both 
agglutinogens no agglutinin) Thus the reaction shown in Table 3 6 can be under 
stood The cells of O group are not agglutinated because they contain no agglutinogen 
and the serum of AB group will not agglutinate any cells because it contains nO 
agglutinin 

f This precaution will not however exclude the danger of incompatibility with 
respect to certain other factors especially the Rh factor (see p 80) 
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are mixed v.rth an incompatible serum is clearly seen under the micro* 
scope Even to the naked eye the masses of agglutinated corpuscles 
may be seen as minute particles, like grains of cayenne pepper, float- 
ing upon the surface of the clear serum • 

The agglutination of corpuscles when incompatible bloods are 
mixed IS in the nature of an immune reaction (Chap 5) resembling 
that whereby bacteria are agglutinated, and thus rendered innocuous 
by a specific substance (antibody) m the blood of a person infected 
with the same type of microorganism However, an antibody active 
against bacteria is as a rule, developed only after the blood has been 
invaded by the microorganisms, whereas the antibody to the agglutin- 
ogen m the corpuscles of an incompatible blood — that is, the ag- 
glutinin — IS present naturally as an inherited characteristic In this 
system the agglutinogen of the corpuscles is the antigen (Chap 5) 
The blood characteristics are inhented according to Mendelian laws, 
and just as the offspring of a brown eyed and a bluc*eycd parent may 
have either brown or blue eyes, so it is impossible to predict the blood 
characters of a child from those of its parents 
Transfusion of blood is employed m other conditions besides hemor- 
rhage, namely, in surgical shock extensive bums, m certain severe 
infections, and m extreme malnutrition of infants 

The Rh factor Until a few ycare ago (1940), the four blood 
groups were believed to be the only ones that it was necessary to take 
into account when choosing a donor for transfusion, yet deaths fol- 
lowmg transfusion occurred from lime to time for which no satisfac- 
tory explanation could be given In so far as the O, A, B, and AB 
groups were concerned the blood transfused m these_fatai cases 
should have been compatible with that of the patienL When a survey 
was mad e of a~ fiumber of these fatalities, it was discovered that they 
had all occurred cither (t) m persons who had been transfused at 
some earber lime, that is, the fatality followed a second transfusion, 
Qc va waoieo. whA were pcegasuiW. oc had gweo. hurdv to a chdd 
Research workere interested in the subject recalled that Landstemer 
and Weiner of the Rockefeller Institute had discovered that the in 

* In order to decermine to ubich of the four groups a particular blood sample 
belongs the blood is tested with senun from blood ^ups A and B Samples of 
sets from these groups are available In small sealed vials which in all targe h^pitals 
arc kept fn the refrigerator ready for use If the corpascles of the blood sample arc 
agglutinated by A test serum but not by B K belongs to group B If agglutloation oc- 
cur wHh Q serum but not wuh A it beloags to group A If agglutination follows 
mutng with both A and B sera the sample belongs to group AB and if neither A 
nor B senun causes aggluitnaiioo the uokoown scrum belones to croup 0 (see 
Fig. 3 12) 
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jection of the blood of the Rhesus monkey into guinea pigs caused the 
formation in the blood of the latter of an agglutinin which caused the 
agglutination of the monkey’s corpuscles and also of human cor- 
puscles. The Rhesus corpuscles contain a substance — an agglutinogen 
— ^which, when injected into an animal such as the guinea pig whose 
blood does not'itself contain it, stimulates the production in the recip- 
ient animal of an antibody — that is, of an agglutinin. Now, about 
85 percent of members of the while race contain such an agglutinogen, 

TISSUE CEOS 

o © 

iRH- 




Fig 3.13 Diagram showing reactions caused by the Rb factor. O “ Rh-; 
© = Rh+ (agglutinogen), ^ = anti-Rb (agglutinin). A, reaction follow- 
ing a second injection of Rh+ blood into an Rh- patient. B, reaction caused 
by an Rh+ fetus m an Rh- mother. 

or Rh factor, as it has been named (after the R hesus monkey ) ; the re- 
mainii^ 15 pe rcent do n ot.* In other words, the corpuscles of 85 
percent of persons of the white race, in that they contain the agglutin- 
ogen, resemble Rhesus corpuscles, the corpuscles of the remaining 
15 percent, in that the ag^utinogen is absent, resemble guinea pig 
corpuscles. Blood which contains Uie Rh factor is termed Rh-positi ve: 
blood which lacks it is called Rh-r^aiive, When the blood of a per- 
son who is Rh-positive is injected int o the circu lation of one whose 
blood is Rh-negative, the a ntibod y — agglutmin or anti^h factor — is 
produced. Such transfusion m erely causesTEe production of the ag- 
g lutinin ; no r eaction , follows^But. if a sec ond, si milar t rans fusion is 
giyen,_10 days or more (even up to years') aft er the fir st, a severe, 
often fat al, re action fol lows, due t o the a ction of the accumulated ag- 
gi utinin" or anti-Rh factoo_The fatal reactions following an initial 

• Certain races— e.g , North American Indians. Japanese, Chinese, and Negroes 
of pure African stock — are 99 to 100 percent Rh-positive. 
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transfusion in women who had borne a child are explained on an es- 
sentially similar basis. But in such cases the blood of the unborn child 
contains the agglutinogen (inherited from the father). That is, in all 
cases in which such a reaction occurs, the blood of the fetus is Rh- 
positive while that of the mother is Rh-negative. Evidently red cells 
containing the agglutinogen, or fragments of such cells, have escaped 
from the fetal to the maternal bloc^ through the delicate membranes 
of the placenta separating the two circulations, and have stimulated 
the tissue cells to produce the anti-Rh factor in the mother’s blood 
(Fig. 3.13). 

Though an Rh-negative mother bearing an Rh-positive fetus suffers 
no ill effects unless transfused with incompatible blood, the fetus is 
often very seriously affected by the anti-Rh factor of the mother which 
enters the fetal circulation and exerts a destructive (hemolytic) action 
upon the red cells of the child, both before and after birth. The blood 
disease so called is known as h emolytic disease of the new born, or 
erythroblastosis foetails: it Is invariably fatal unless treated by large 
transfusions of Rh-negative blood 

Transfusion with plasma or serum. Within recent years it has been 
generally recognized that in many cases of hemorrhage it isjjnneces* 
sary to transfuse with whole blo^ The body possesses an immense 
reserve store of red cells in spleen, liver, and skin which can be drawn 
upon in such an emergency. Death from hemorrhage is, as a rule, due 
not to thiL reduct ion in the oxygen-car rying capacity of the blood but 
to the loss of the bulk of circulating fluid aTid Ihe" resulting fall in 
blood pressure which this entails Plasma or serum has therefore come 
into very wide use as a transfusion fluid There are certain very 
definite and great advantages to be gained by the use of these blood 
derivatives. In the first place, plasma or senim when collected from a 
number of donors and mixed together (pooled) does not cause ag- 
glutination of the transfused patient’s corpuscles. That is, it is uni- 
versally compatible Another great advantage of plas ma or ser um 
over whole blood jsjhat either can be dried and stored in bottles, and 
thus be ready at hand for almost immediate use. All thatTHhen re- 
quired is the addition of sterile distilled water in an amount equal 
to that which had been removed by evaporation in the drying process 
In the preparation of the dried product, t he plasma or serum collected 
from a number of donors is se'parated from the cells by centrifuging 
and decanted off. The cells, as a rule, are discarded. The liquid part 
of the blood is frozen and then dried in the frozen state by subjecting 
it to a high vacuum (6 mm Hg or less). This method, the desivac 
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process, is now employed in the preparation of dried serum (or 
plasma) on a large scale for the armed forces in Britain, Canada, the 
United States, and other countries. 

The albumin of human plasma, dried and powdered, is also avail- 
able. It is put up in sealed containers and ready for use after the addi- 
tion of distilled water and the necessary blood salts. 

Transfusion materials of nonhnman origin. The search for a suit- 
able substitute for blood or its derivatives, plasma or serum, as a 
transfusion material has engaged the attention of scientists for a num- 
ber of years. Provided that the material resembles plasma or serum in 
its physical properties and is capable of restoring and maintaining the 
blood volume for a reasonable length of time and thus of raising the 
blood pressure from a dangerously low level, the chemical composi- 
tion of the transfusion fluid is of secondary importance. But the re- 
quirements of such an artiftcial transfusion material are many: 
(a) The molecule of the dissolved substance must be of such a size 
that the fluid will not leave the vessels too freely, (b) The solution 
must exert an osmotic pressure and possess a viscosity approaching 
as closely as possible that of whole blood; these qualifications depend 
upon molecular size and shape, (c) It should be as nearly as possible 
isotonic with the contents of the erythrocytes (see p. 68) (d) It 
must, of course, be innocuous in every respect. In addition, it should 
be readily available, preferably cheap, and capable of being quickly 
and easily prepared for Intravenous administration. Provided it is 
suitable in the respects just listed, there appears to be no valid objec- 
tion to the use of some fluid other than blood or serum to fill the ves- 
sels immediately after hemorrhage. Nevertheless, for some reason not 
altogether clear whole blood appears to be superior to any other 
transfusion fluid in the treatment of shock or severe hemorrhage. 

Among the solutions of nonhuman origin which have been used in 
the past or are under investigation and trial at the present time are: 
(a ) saline (0 .9 percent solution of sodium chloride), (b) a 6 percent^ 
sqlurion of gum acac ia, and (c) a 6 percent solution of^isinglass. ** 

Sa line solut ion (0.9 ^e'rcent of sodium chlorid e) is of little value 
in hemorrhage o r sho ck, for the simple reason that it is not held 
wit hin the vesse ls. The molecule of sodium c hloride is so small that it 
escapes Jreely throughlhs-capillar y w a lls in to the tissue spaces. When, 
however, the water of the blood alone is reduced (anhydremia), 
saline is of benefit. 

Gum aca cia was introduced during World War I for the treatment 
of hemorrhage resulting from wounds, and was highly successful. The 
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reason for its success lay in the fact that its molecule U large and 
does not readily escape from the circulation. In the dilution used (6 
percent of gum in 0.9 percent saline), this substance exerts an osmotic 
pressure about equal to that of the plasma proteins. The fluid is there- 
fore retained within the vessels, the blood pressure is elevated, and 
the circulation to vital structures maintained Gum acacia has come 
into disfavor, however, since the discovery that it damages the liver. 

Isinglass is a protein very closely allied in its chemical and physical 
properties to gelatin U is prepared from the swim bladders of fish 
(hake, cod, sturgeon, etc ) As as 6 percent solution in 0.9 percent 



Fig 3 14 Shoumg the effect on an animat's blood pressure of the 
tr.insfusion of isinglass solution The animal's blood pressure had 
been lowered by hemorrhage to the very fow feveJ of 20 mm Hg 
at the start of the transfusion The animal survived but undoubtedly 
would have died had it not been transfused 


saline, it exerts an osmotic pressure comparable with that of the plasma 
proteins U has proved successful m the treatment of acute hemor- 
rhage in animals and in palicnls. It does not cause a foreign protein 
(antigenic) reaction or any other unfavorable effect (Fig. 3.14). As 
arti ficial blood substitutes, gelatin and dextran also have their advo- 
cates. The latter is a complex poIysaccHaride. 


Hemolysis or the Laking of Blood 

The plasma contain little or no hemoglobin. When normal blood is 
centrifuged, the red cells arc thrown down and the supernatant 
plasma may then be seen to be almost colorless. But under the action 
of certain agents the hemoglobin is not retained by the erythrocytes, 
but escapes and colors the plasma This process is termed hemolysis 
or the laUng of the blood The substance inducing the hemolysis b 
called a hemolysin or a hemolytic agent. Among the various agents 
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which cause hemolysis are: (a) hypotonic solutions; (b) chloroform, 
ether, and benzine, and certain other fat solvents; (c) bacterial poi- 
sons (toxins); (d) the venom of certain snakes; and (e) specific he- 
molysins. The depth of color given to the plasma varies from a faint 
pink to a deep red, according to the degree to which the erythrocytes 
have been attacked by the particular hemolysin. 

Hypotonic solutions (p 68) act by disturbing the osmotic equilib- 
rium between the interior of the red cell and the surrounding plasma. 
When, for example, distilled water is added to blood, the salts of the 
plasma are diluted and the osmotic pressure of the plasma is reduced 
below that within the cells Water is therefore “attracted” into the cell 
which, as a consequence, increases in volume and, finally rupturing, 
iberates its coloring matter. When the cell is completely hemolyzed 
)whis way, its colorless framework may still be seen. Such decolor- 
2 ea cells are referred to as “ghosts.” 

The fragility test. If normal red cells are immersed in a series of 
lypotonic solutions of sodium chloride graded in small differences of 
salt concentration, they commence to hemolyse when the percentage 
of salt is approximately 0.42. Hemolysis is complete when the salt 
concentration is approximately 0.36 percent. In hemolytic forms of 
anemia, the red cells are less resistant — that is, more fragile — than 
, normal to byoptonic solutions and commence to hemolyse at a salt 
concentration of about 0 5 percent, and are completely hemolysed at 
around 0.4 percent. In pernicious anemia, on the contrary, they show 
an increased resistance to hemolysis; the hemoglobin commences to 
escape from the cells at a salt concentration of 0.38 percent and is 
complete at 0.30 percent. 

Chloroform, ether, etc., cause hemolysis, apparently, by dissolv- 
ing the hpid materials composing the cell membrane and stroma. 
The manner in which bacterial and many other of the organic hemo- 
lytic agents act is not clear. 

Specific hemolysins constitute a class of immune substances. For 
example, if an animal is given a senes of daily injections of blood of 
another species, a substance is gradually developed in the serum of 
the recipient animal which has the power to hemolyse the erythro- 
cytes of that species to which the donor animal belongs, but is not 
hemolytic for Ae erythrocytes of other species. (See Chap. 5.) 


The White Cells or Leucocytes 

The leucocytes, unlike the red cells, possess a nucleus but no hemo- 
globin or other coloring matter. They number only about 8000 
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rig 3 15 A film of normal blood 
jllustratvng the relauve numbers of 
ted and wh te cells and platelets A 
field as large aga n as that shown 
would probably contain no other 
wh te celL 


(6000 to 10 000) per cu mm That is the red cells outnumber the 
white by about 600 to 1 (Fig 3 15) The white cells are of two mam 
types (a) Those without granules in the cytoplasm and with an un 
lobed nucleus these are called agranular leucocytes (b) Those with 
granules in the cytoplasm and a nucleus possessing two or more lobes 
these are termed granular leucocytes granulocytes or polymorphonu 
clear leucocytes (see PI 2 and Fig 3 16) 

The agranular leucocytes are of three varieties — the large and 
small lymphocytes and the monocytes The first two types closely re 
semble one another except m size the small lymphocyte is about 
8 microns m diameter the large from 10 to 12 microns The small 
lymphocytes constitute about 25 percent of the white cells the large 
lymphocytes about 3 percent TTic monocytes are larger than the 
large lymphocytes measuring about 15 microns in diameter and 
their nuclei which are usually indented on one side or horseshoe 
shaped do not stain so deeply as those of the large lymphocytes 
Though there is some doubt as to the nature and origin of the mono 



lifAKlJ 

rig 3 16 Types of leucocyte 
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cytes, most observers believe that they belong to the reticulo-endo- 
thelial system of cells (p. 94). They may become very actively 
phagocytic. As a rule, they constitute no more than from 2 to 4 per- 
cent of the white cells. 

The granulocytes are also of three types — the eosinophils, the 
basophils, and the neutrophils. The cytoplasm of the eosinophils is 
packed with coarse granules which stain with acid dyes (e.g , the red 
dye, eosin); the nucleus has, as a rule, but two lobes. Normally, these 
cells constitute only 2 or 3 percent of the leucocyte population. 

The granules of the basophils stain with basic dyes (e.g., meth- 
ylene blue). Their nuclei are also bilobed Basophils are scarce (not 
more than 0.5 percent) in normal blood. 

The neutrophils are about iO microns in diameter, and contain 
numerous fine granules which stain with neutral dyes, or with a mix- 
ture of an acid and a basic dye (e.g., eosin and methylene blue). 
When so treated, the granules are colored violet. The majority of the 
neutrophil leucocytes possess nuclei which are divided into from 



Fig. 3.17 Showing stages io the life of a polymorphonuclear leu- 
cocyte (see text). 


two to five lobes (Fig. 3.17). The number of lobes depends upon 
the age of the cell, the oldest ones having five or more, while the 
youngest (which are very few in number) show only a suggestion of 
lobulation. The neutrophils are the most numerous type of white cell, 
constituting from 65 to 70 percent of the total count. 

The granulocytes are formed in the red bone marrow, whereas 
the large and small lymphocytes are produced in the lymph nodes 
and lymphoid tissue, generally, throughout the body (see p. 98). 
The monocytes arc generally ^lieved to be elements of the reticulo- 
endothelial system. (See also p. 94.) 

The functions of the leucocytes. The neutrophilic polymorpho- 
nuclear leucocytes, together with the monocytes and other reticulo- 
endothelial elements, constitute probably the most important means 
that the body possesses for its defense against invading micro- 
organisms. The ability of these cells to attack bacteria depends upon 
their motility, and a proclivity for the ingestion of sohd particles 
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Fig 318 Drawiog of a neutrophi] at half minute intervals to 
show motility and phagoqnosis The dots represent a group of 
bacteria. 


(Fig 3 18) The latter action, which was first demonstrated by 
Metchnikoff, is termed phagocytosts (Gk phago, I eat) These two 
varieties of white blood cell are free lances among the body cells; 
they wander from place to place through the tissues, for practically 
no part of the body is barred to them They insinuate a process 
(pseudopodiim), improvised at the moment from their cell proto- 
plasm. through one of the joints m the endothelium of the capiUaty 
wall (Fig 3 19) Then, by causing the semifluid substance of the cell 
body to stream into the protoplasmic protrusion, they pass out of the 
blood vessels By this process of diapedesis, as it is called, myriads 
of the white corpuscles may pass out of the vessels m a remarkably 
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short time. Reaching a point where the bacteria have entered the 
body and established a beach head, they surround the threatened 
area and proceed to destroy the invaders. If, for example, an actively 
inflamed region should be examined under the microscope, masses of 
neutrophils would be seen, and many of these would be observed to 
hold bacteria imprisoned within their bodies. As many as fifteen or 
twenty organisms may be seen at times within a single cell. It has 
been shown that the germs are ingested alive, and remain so for a 
time within the leucocyte. 

When a tissue such as the mesentery or web of a frog, in which the 
capillaries are clearly visible beneath the microscope, is examined 
in the living state a short time after a suspension of bacteria has been 
injected into it, the small vessels leading to the site of inoculation 
are found swarming with neutrophils. In the tissues round about, the 
amoeboid cells are seen moving somewhat ponderously hither and 
thither to engulf the offending bacteria. The monocytes, though much 
less numerous, also join in the general attack and show their phago- 
cytic propensities to a marked degree. After the first flooding of the 
tissues with neutrophils and monocytes, numbers of the latter come 
to rest and together with other reticu]o*endothelial elements of the 
tissues surround and isolate the infected area from the neighboring 
healthy tissues. Until this is accomplished the danger of the infection 
becoming more widely spread always exists. In their struggle against 
bacteria, equipped as these are with powerful toxins, many of the 
white cells are killed. These collect within the infected area together 
with exuded plasma, liquefied tissue cells, and a few red cells that 
have escaped through the injured walls of the capillaries. This mate- 
rial constitutes pus, and the so-called pus cells are dead leucocytes. 
The circumscribing wall and its semifluid contents constitute an 
abscess. A “boil” or furuncle is a small abscess of the skin and sub- 
cutaneous tissue which commences as an infection within a hair 
follicle. By the action of the phagocytes, aided by a protein-digesting 
ferment {protease) which they elaborate, the overlying structures 
whether connective tissue, mucosa, or skin are, in part, removed 
piecemeal. The wall of the abscess cavity over a small area of skin or 
mucous membrane becomes gradually eroded to the thinness of paper. 
The abscess is then said to “point”; it bursts soon afterward and dis- 
charges its content of pus. 

Not only the bacteria themselves but any infected foreign mate- 
rial, such as a rose thorn, a wood splinter, bullet, or shell fragment, 
is loosened or eroded and, when possible, removed by the phago- 
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cytes (Fig. 3.20). Sterile foreign materiat — e.g , a catgut suture, or 
a blood clot — is broken down, and necrotic tissue is separated from 
the living by phagocytosis and by enzymes present in the blood tis- 
sues. Devitalized bone, though not removed in its entirety, unless it 
is of very small size, is, nevertheless, eroded and separated from the 
living tissue by the leucocytes. The disappearance of effete organs, 



such as the tail and gills of the metamorphosing tadpole or the creep- 
ing muscles of insect larvae, is effected in a similar manner. 

Of the functions of the other varieties of granulocytes — the eosin- 
ophils and basophils — little is definitely known. They are not mark- 
edly motile, and are not phagocytic. The eosinophils are increased 
above the normal of 2 or 3 percent ;n certain affections, notably, 
asthma, infestations with various types of parasitic worms, and in 
allergic conditions The number of eosinophils in the circulation is 
strongly influenced by the adrenocorticotrophic hormone of the hy- 
pophysis (Chap 10), through its stimulating effect upon the produc- 
tion and liberation of adrenal cortical hormones When the pituitary 
honnone or an extract of the adrenal cortex is injected into the body, 
a marked reduction in the number of circulating eosinophil leucocytes 
occurs. Indeed, the eosinopcnic response constitutes the most sensi- 
tive test for the presence of ACTH m any biological fluid. 

The lymphocytes are not amoeboid — that is, they do not progress 
by the protrusion of pseudopodia. They are capable of a certain slow 
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progression, however, as a result of spasmodic movements of the cell 
nucleus. They have little phagocytic power and from all accounts 
possess no proteolytic ferment. 

The role played by the lymphocytes has been a subject of specula- 
tion for a number of years. It has long been recognized that these 
blood cells were concerned in chronic inflammatory conditions, for 
a great migration of small lymphocytes to the chronically inflamed 
tissues (small cell infiltration) was a common observation, but, until 
recently, little was known definitely of the functions of these white 
cells. Modem research has revealed the important duty which they 
perform in the processes of immunity (p. 215). They give origin to 
one of the proteins — the globulin— of the blood plasma. The anti- 
bodies of paramount importance in establishing resistance to bac- 
terial infections are closely associated with plasma gamma globulin. 
In experiments upon animals, it has been found that during an in- 
fective state the lymph nodes and other collections of lymphoid tis 
sue show a great destruction of lymphocytes They break down, their 
substance undergoing disintegration to furnish plasma globulin. The 
adrenal cortex and the pituitary gland, through its adrenocortico- 
trophic hormone (p 435), exert a controlling influence upon lympho- 
cyte dissolution and globulin production and, consequently, upon 
the production of immune substances (antibodies). 

Variations in the number o! leucocytes. A rise in the number of 
white cells of the blood is called leucocytosls. The increase may be 
due to any one of the various cell types. More specific terms are fre- 
quently employed, such as, tymp/iocyfosis, eosinophiha, and ncufro- 
philia for an increase in the number of lymphocytes, eosinophils, and 
neutrophils, respectively. The neutrophil count is raised markedly 
by acute septic infections. Among physiological conditions which 
cause a moderate increase in this type of white cell are muscular 
exercise, pregnancy, and injections of adrenaline. Lymphocytosis 
occurs in certain chronic infections; eosinophiha is seen in asthma, in 
some skin diseases, and in diseases caused by parasites (e.g., intesti- 
nal worms). In order to determine which type of white cell is re- 
sponsible for the leucocytosis, it is necessary to perform a differential 
count. This consists in examining a stained smear of blood under the 
microscope and counting the numbers of the different types in a 
total of several hundred cells. The percentages of the various types 
are then calculated. In some instances the proportions of the differ- 
ent types are altered, though no change occurs in the total white cell 
count. 
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A grave disease of the blood marked by an enonnous, one might 
call it a malignant, increase of Jeococytes is called leukemia. There 
are several different forms of the disease depending upon which type 
— granulocyte, small or large lymphoqde, or monocyte — is increased 
in number. The white cell count in this condition may reach 250,000 
or more per cu mm, and many cells in the earlier stages of develop- 
ment are seen in the circulation TTie red cells are usually reduced 
in number; i.e , there is an associated anemia. 

Leucopenia is the term applied to a reduction in the number of 
leucocytes below the normal; it occurs in certain infectious diseases, 
notably pneumonia and typhoid fever. Certain drugs (e.g , amido- 
pyrine) used for the relief of headache, or pain in other parts of the 
body, are believed to be responsible for a fatal disease in which the 
granulocytes arc reduced to a very low level Resistance to infection 
is greatly lowered as a consequence. Scarcity of one or other type of 
leucocyte alone is called lymphopenia, neutropenia, or eosinopenia, 
respectively 

The production and maturation of the leucocytes. The granulo- 
cytes, hke the red cells, pass through several stages of development 
in the bone marrow (see PI 2), and it is only cells in the final stage 
which normally reach the general circulation. The cells of the earliest 
stages are nongranular and show no division of the nucleus into lobes. 
These cells are called myeloblasts. Subsequent stages are marked by 
the appearance of granules which increase in number as maturation 
progresses and undergo differentiation into the three types, but the 
nucleus as yet shows no lobulation. These cells art called myelocytes. 
In the final stage — i.e , just before the cell is discharged from the mar- 
row into the general circulation — constriction of the nucleus occurs 
at one point, but no definite division into lobes is evident. As already 
mentioned, the lobulation becomes pronounced and the number of 
lobes increases as the cell ages in the circulation. The life of a gran- 
ulocyte is about 2 1 days. 

The lymphocytes are produced not in the bone marrow, but in the 
lymphoid tissues (e.g , lymph nodes, spleen, etc.). 

Physiological factors concerned in acute inflammation. It is evi- 
dent from what has been said in the preceding section that the func- 
tions of the neutrophil leucocytes are closely bound up with the 
physiological processes associated with acute inflammation. A sub- 
stance is to be found in pus or other inflammatory' exudate, known as 
the leueocyiosis promoting jactor (Mcnkin), which attracts the neu- 
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tiophils to the injured tissues A second chemical factor discovered 
by Menkin and named leucotaxm increases the permeability of the 
walls of the smallest blood vessels (capillanes, p 124), and a third, 
histamine, dilates the capillanes as well as increasing the permea 
bili^ of their walls In mflammatory reactions, the capillanes and 
the vessels next in size, namely, the arterioles, are dilated as well 
through axon reflexes (p 520), the fine nerve endings being stimu- 
lated by the injunous agent, whether this is of a chemical (e g , bac 
tenal toxin) or a mechanical nature These effects upon the minute 
blood vessels cause the passage of an excessive quantity of fluid 
(plasma) from the circulation into the surrounding tissues, which re 
suits in swellmg of the inflamed part The dilated vessels bnng more 
blood to the affected region which causes reddening and a local nse 
in temperature The swelling redness and heat — three of the cardi 
nal signs of inflammation — are thus accounted for by the vascular 
reactions The other signs of inflammation — namely pain and loss of 
function — naturally follow, the former being due to the involvement 
of the sensory nerves in the inflammatory process as well as to the 
pressure upon the nerves by the accumulated fluid The temporaiy 
loss of function of a movable part is due in many instances, simply 
to the pain which results from any attempt at movement This is na 
ture’s way of encouraging recovery, by enforcing rest In other m 
stances the loss of function — ^which may be permanent — is due to 
the inflammation having implicated the special structures upon which 
the particular function depends (See also p 233 ) 

The Blood Platelets or Thrombocytes 

These are small bodies about a quarter of the diameter of a red blood 
corpuscle They do not possess a nucleus but their protoplasm con 
tains distinct granules (Fig 3 21) Their origin is not ^own with 
certainty The most widely held opinion concerning the origm of the 
platelets is that they are fragments of protoplasm broken or separated 
in some way from giant cells in the red bone marrow These latter 
cells, known as megacaryocytes are of relatively enormous size (Fig 
3 22) and contain several nuclei massed together near their centers 
Some authorities have suggested that the platelets are the remnants 
of disintegrated erythrocytes 

The platelets number about 250 000 per cu cm They play an im- 
portant part m the coagulation of the blood (p 102) 
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Fig. 3.21 Blood platelets. Fig. 3.22 A megacaryocyte. Red 

A ted blood cell shown (or cell shown for size comparison, 

size comparison. 


The Reticulo-Endofhelial System 

This is a system of primitive cells normally present in the general 
connective tissue, lungs, spleen, liver, lymph nodes, bone manow, 
and other situations. Many varieties exist, several of which possess phag> 
ocytic properties, and some of very large site are actively motile. 
One type of reticulo-cndothelial cell, namely, the monocyte, has al* 



Fig. 3.23 Macrophages containing phagocytosed carbon grains (le/0 and a 
red blood corpuscle {right} . 
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ready been mentioned as being present in blood. Reticulo-endothelial 
cells of the spleen arc responsible for the final disposal of the frag- 
ments of red cells which they engulf, the hemoglobin being freed of 
iron and converted to bile pigment (p. 329). The reticulo-endothelial 
cells in the blood sinuses of the liver are known as Kupffer cells. 
These, as well as those in bone marrow and the general connective 
tissues, also possess the ability to convert into bile pigment the hemo- 
globin liberated from disintegrated red cells. The reticulo-endothelial 
cells of the general connective tissues arc of exceptionally large size. 
They play a prominent role in the body’s defense against invasion 
by microorganisms. These cells arc actively motile and phagocytic, 
ingesting bacteria and any other foreign material which may be intro- 
duced into the tissues. For example, after the injection of India ink 
(which consists of a suspension of carbon grains) into an animal, 
these macrophages,^^ as they arc called, gorge themselves with the 
foreign particles. They are thus made conspicuous beneath the micro- 
scope (Fig. 3.23). In inflammatory conditions, they gather in large 
numbers around and within the inflamed part. In the lung, macro- 
phages are active in the removal of foreign particles (e.g., dust, car- 
bon particles) which have been carried into the alveoli by the in- 
spired air. 

The reticulo-endothelial elements in the neuroglia of the central 
nervous system are called microglia. They differ little from those in 
the general connective tissues. 


The Spleen 

The spleen is an organ about the size of the fist situated in the abdo- 
men behind the stomach and above, but to some extent overlapping, 
the left kidney. It contains, under ordinary circumstances, a relatively 
large amount of blood which is held in spaces (sinuses) lined by cells 
belonging to the reticulo-endothelial system. The blood is delivered 
into the substance of the spleen (splenic pulp) by small arteries. It 
then percolates into the sinuses through gaps between the cells form- 
ing the latter’s walls (see PI. 3B). The sinuses are drained by veins 
through which the blood is conveyed to the portal vein and thence to 
the liver. Dotted throughout the spleen, like islands, and surrounded 
by the pulp, are small lighter-colored areas composed of lymphoid tis- 
sue. These are the corpuscles of Malpighi (an Italian anatomist of 

« The smaller phagocytic cells of the blood, namely, the neutrophils, are some- 
times referred to as microphages. 
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the seventeenth century who first descnbed them) Each of these 
areas is pierced near its center by a small blood vessel The capsule 
of the spleen contains smooth muscle, smooth muscle also penetrates 
Its substance 

The spleen is known to possess three important functions 

1. Blood reservoir. It serves as a reservoir for blood which can be 
drawn upon to augment the blood volume when the need arises “ The 
blood held by the spleen has a higher concentration of red cells than 
the blood of the genera! circulation, so that, when the organ contracts, 
not only is the total volume of circulating blood increased, but the 


rig 3 24 Changes m volume of spleen 
as a result of emotional excitement (after 
Barcroft) Sfcctch on left, R test C, dog 
sees cat The numbers represent the rela- 
tive sizes of the dog s spleen Sketch on 

nght, rest, smells cat, 

hears cat, — — secs cat, —— 
chases cat 


number of cells per cubic millimeter of blood is also raised The sev- 
eral conditions which cause the spleen to contract are a nse in envir 
onmental temperature, strenuous muscular exercise, emotional excite- 
ment (fright, rage, etc ), carbon monoxide poisonmg, hemorrhage, 
and rarefied atmospheres The unmcdiate stimulus to splenic contrac- 
tion in the last three conditions is a low oxygen tension in the blood, 
but Its great sensitivity to nervous influence is illustrated by the ob 
servation that even a sudden sound (e g , the slamming of a door) will 
cause It to contract (sec Fig 3 24) The spleen also shows span 
laneous rhythmical contractions at the rate of about two per mmutc 
(Fig 3 25) The small changes m blood volume which such move 
ments induce cause corresponding variations m the blood pressure 
The value of the organ in certain emergencies associated with a need 
for an additional supply of red cells is evident from an expenment 
performed by Professor Barcroft of Cambridge University upon 
guinea pigs Two groups of animals were exposed to carbon monoxide 
gas The concentration of gas m the atmosphere and the length of ex- 
posure were the same for both groups The animals of one group, 

>» Experiiticnu upoa animals iadtcacc that as much as 25 percent ot the normal 
blood volume may be added to the ctrculatiofl by contraction of the spleen 
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however, had had their spleens removed; these animals died, whereas 
those of the other group which had not been operated upon survived. 

2. Destruction of damaged red ccib. This function depends upon 
the presence of the large phagocytic cells (macrophages) already 
mentioned under the section on the reticulo-endothelial system. 
Healthy red cells appear to be immune to attack from these scavenger 
cells, but cells which have outlived their usefulness, or those whose 
structure is in some way abnormal, are readily disposed of. Frag- 
ments of red cells which have broken up m the blood stream are also 
ingested by the macrophages of the spleen. 



Fig. 3.25 Showing effect of splenic contractions on arterial blood 
pressure, S.V. = splenic volume. BP® general arterial blood pres- 
sure. T ® lime, 5 sec B = baseline at 40 mm Hg Spleen in plethysmo* 
graph; a. before clamping splenic vessels, b, after clamping vessels, 
c. after removal of clamp. (From Barcroft and Nisimaru ) 

3. The formation of lymphocytes. The lymphoid tissue of the spleen, 
as does similar tissue in other situations, lymph nodes, etc., manfac- 
tures lymphocytes. In embryonic life, erythrocytes and granulocytes are 
also formed in the spleen, but its ability to produce these types of bkx>3 
cells ceases a little time before birth. 

The spleen probably possesses other functions which have not yet 
been discovered. It exercises certain functions (e.g., bile pigment 
production and antibody formation) by virtue of the large numbers 
of reticulo-endothelial elements which it contains. It has not been 
demonstrated to possess an endocrine function (p. 403). That it is an 
important organ and guards the welfare of its possessor in several 
ways is undoubted. Nevertheless, it is not essential to life under ordi- 
nary circumstances, for when excised it is scarcely missed. Excision 
of the spleen (splenectomy) is practiced for certain hemorrhagic dis- 
eases in which the platelets are reduced in number, presumably as a 
result of some abnormal action which it exerts upon these blood ele- 
ments. Splenectomy is also performed for a type of hemolytic anemia 
in which the red cells are more fragile than normal. The spleen ap. 
pears to be in some way responsible for the increased fragility of the 
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cells, for, following its removal, the anemia is usually cured or greatly 
improved 

Although no ill effects have ever been observed m man following 
removal of the spleen, yet from the results of experiments upon ani- 
mals jt IS probable that in certain emergencies (e g , hemorrhage, gas 
poisoning, or surgical shock) a person deprived of his spleen would 
not have quite as good a chance of survival as would one with his 
spleen intact 


The Lymph and the Lymphatic System 

The formation and composition of lymph. The tissue fluid, as ex- 
plained elsewhere, is derived from the blood plasma A large part of 
the fluid which leaves the arterial end of the capillary is returned to 
the circulation through the capillary near its venous end But the 
tissue spaces, as well as being in relation to the blood capillanes, arc 
also drained by a fine network of capillary vessels called lymphatics 
Whereas the fluid reabsorbed by the blood capillaries is an aqueous 
solution of crystalloids (inorganic salts, sugar, urea, etc ), the fluid 
which passes into the lymph vessels contains some plasma protein as 
well Small colloidal particles, such as those of India ink and other 
dyes which may have entered the tissue spaces from the blood, are also 
taken up by the lymphatics Such particles do not return to the circu 
lalion through the walls of the blood capillaries The fluid m the 
lymphatic vessels is called lymph, but »t is almost identical m composi- 
tion with the tissue fluid Lymph contains the same constituents as 
are found m blood plasma, though in different concentrations It con 
tains the three plasma proteins, but the total protein concentration is 
between 3 and 4 percent as compared with around 7 percent for 
plasma The calcium and total phosphorus are both lower than in the 
plasma, the other constituents (c g , sodium, potassium, magnesium, 
chlorine, sugar, urea, etc ) arc m about the same concentrations in 
the two fluids Lymph contains numerous IjTnphocytes and an odd 
granulocyte, but very few or no red cells, under normal circumstances 
The lymphocyte count vanes considerably in different specimens of 
lymph from 1 000 to 20,000 per cu ram 

Tlie lymph vessels (lymphatics). The lymphatic system commences 
at the periphery m the network of fine \esscls just mentioned Such 
vessels are found in the skin (see Fig 3 26) and subcutaneous tissues, 
m the fasciae of muscles, and in the connective tissue of the abdom- 
inal and thoracic viscera Those m the villi of the small intestine are 
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called lacteals (L lac, milk) 
Through them a large propor- 
tion of the fat of the food is ab- 
sorbed into the circulation, their 
name having been suggested by 
the mill^ appearance of their 
contents (usually referred to as 
the chyle) after a meal of fat 
The lymph capillaries join to 
form larger vessels which ulti 
mately form two mam trunks — 
the thoracic duct and the nght 
lymphatic duct The former re- 
ceives all the lymph of the body 
except that from the right side 
of the head, neck and thoracic 
wall, right arm right lung, right 
side of the heart, and upper sur- 
face of the liver Lymphatics of 
these pans dram into the right 
lymphatic duct Each of these 
large vessels opens into the sub- 
clavian vein of the correspond- 
ing side of the body (see Fig 
3 26) A section of a lymph ves 
sel is shown in Fig;ure 3 27 
The lymph nodes (or glands) 
At certain strategic points m 
the course of the medium sued 
lymph vessels are situated small 
ovoid or round structures com 
posed of lymphoid tissue These 
are the lymph nodes (Fig 
3 28) These bodies are com 



jg 3 26 On left above thoracic duct 

(a) opening into left subclavian vein 

(b) (c) internal jugular vein on right 

above the mavn lytnphaUc of the 

upper limb (d) lymph nodes Below, 
mam lymphatics of the lower limb 
(f) lymph nodes m the groin (g) nodes 
(dotted outline) at the back of the knee 


posed of a network of delicate septa, the spaces between which are 
packed with masses of lymphocytes Lymph vessels, usually four or 
five m number, enter the convexity of the node, they are called affer 
ent vessels The lymph leaves the node by a single efferent vessel which 
emerges from the concavity or hilum of the node The lymph m its 
course from the tissue spaces to the point where it is returned to the 
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of the lymph vessels draining the viscera. When the hand or foot is 
infected, the lymph glands at the elbow and armpit in the one instance, 
and at the knee or in the groin in the other, may become inflamed and 
swollen as a result of bacteria or their products which have been car- 
ried upward by the lymph current. In septic conditions of the scalp, 
throat, or ear, the nodes receiving lymph from the infected area be- 
come similarly involved. Within the nodes, bacteria are attacked by 
leucocytes and other phagocytic cells. The lymph nodes must there- 
fore be looked upon as important elements of defense against the in- 
vasion of the blood by microorganisms traveling along the lymphatic 
channels. They constjtute a second defense line, the phagocytic cells at 
the primary site of infection bearing the first shock of the attack. 

Other iunctions of the lymph nodes. Besides acting as filters and 
thus playing a prominent role in the defenses of the body against 
the inroads of bacteria, the lymph nodes exercise two other highly 
important functions: (a) the production of lymphocytes, and (b) the 
manufacture of plasma protein (globulin). The nodes form plasma 
globulin through the disintegration of the lymphocytes of which they 
are largely composed. This protein (gamma globulin) of the plasma is 
closely associated with the immune bodies (antibodies) through which 
bacteria and their toxic products arc destroyed and antidoted The dis- 
integration of the lymphocytes within the lymph nodes and the produc- 
tion of antibodies appear to be controlled by the adrenocorticotrophic 
hormone of the pituitary body (Chap. 10). This immunizing function 
of the lymph nodes constitutes a third line of defense against infec- 
tive agents. 

These functions are not confined to the lymph nodes; the nodes pos- 
sess such functions because they are composed of lymphoid tissue. 
The manufacture of plasma globulin and of lymphocytes are func- 
tions of lymphoid tissue in general — in the spleen, tonsils, thymus, 
Peyer’s patches of the intestinal wall, etc. 

Edema. An increase in the quantity of tissue fluid to the point 
where it causes a readily detectable increase in volume of a part is 
called edema. It is most frequently seen in the skin and subcutaneous 
tissues, about the ankles, or in the face below the eyes, as a symptom 
of heart or of kidney disease. When the edema is well marked, the 
skin appears “puffy,” and, when one presses it with a finger, a dent 
CT pit is left which takes a Uttie time to level op again. 

Edema is due to an imbalance of those factors regulating the inter- 
change of fluids between the vessels and the tissue spaces (see p. 65). 
It may result, therefore, from any of the following causes: (a) in- 
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creased capillary pressure, as in heart disease; (b) reduced plasma 
osmotic pressure, as in chronic kidney disease; (c) increased per- 
meability of the capillary wall, as in acute kidney dbease or as a re- 
sult of certain poisons (e.g., histamine); (d) obstruction of the lymph 
channels (lymphatic edema). 

Edema may be quite local and form small, well-defined, raised, 
pale areas in the skm Such occur in susceptible persons after eating 
certain foods (e.g, shellfish, strawberries, celery, etc.). The condi- 
tion is called urttcana, and known popularly as hives. 


The Coagulation of Blood and Lymph 

I( blood is collected in a test tube it will be found after 5 or 6 minutes 
to have set into a jelly. The tube may be inverted, but the blood, 
which is now said to have dotted or coagulated, does not flow. When 
a section of this clot is examined under the microscope, it is found to 
be composed of a tangled mesh of very delicate fibrils among which 
are entrapped, as m a net, erythrocytes, leucocytes, and many frag- 
mented platelets The filaments ace composed of fibrin, an insoluble 
gel (p 18) form of fibrinogen produced during the clotting process. 


^UTtLm 



ng, 3.29 Showing red 
cells, platelets, and fibrin 
threads in a blood clot. 


They may be seen in many places to radiate from centers formed of 
platelets. If the clot is allowed to stand for a while, it undergoes shrink- 
age, and. as it shrinks, expresses from its meshes a clear, faintly straw- 
colored fluid This clear fluid is the jemm (PI. 1 ). The serum remains 
fluid indefinitely; it is quite incapable of clotting, for it contains no 
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fibnnogen Plasma separated from the blood cells by centrifuging, 
clots in a way similar to that of whole blood and expresses the clear 
serum The clot is white, since it contains no cells, but except for this 
difference it is identical with that formed in whole blood The clotting 
process is essentially, therefore, a phenomenon of the plasma Lymph 
also clots, though somewhat more slowly and less firmly than does 
blood or plasma 

The clotting mechanism. Four substances are necessary for the 
coagulation of blood prothrombin thromboplastin calcium and 
fibnnogen Prothrombin gives rise to thrombin, an enzyme Fibrino 
gen, prothrombin, and calcium arc present in circulating blood 
Thromboplastin (a lipid or fatlike compound containing phosphorus) 
IS widely distributed throughout the tissues the lung and brain being 
especially rich in this factor It is absent or present m only small quan 
titles in blood plasma When blood is shed, thromboplastin is liberated 
from injured tissue and probably also from the leucocytes of the blood 
Itself The thromboplastin, acting upon the prothrombin in the pres 
ence of calcium, in an ionized form converts it to the active thrombin 
Thrombin acts in turn upon the soluble protein fibrinogen, convert 
mg It to insoluble fibrin which as mentioned above, is deposited as 
fine threads to form the framework of the clot (Fig 3 29) 

The foregoing is a descnption of the clotting mechanism in the 
simplest possible terms The chief factors are summarized in the fol 
lowing scheme 

Prothrombin + calcium + thromboplastin = thrombin 
(inactive) (active) 

Thrombin + fibnnogen * fibnn 

(soluble) (threads) 

The mechanism of blood coagulation has been found to be most 
complex and several details have been omitted from the above scheme 
one of the more important of these concerns a globulin in the plasma 
which accelerates the conversion of prothrombin to thrombin This 
factor has been named plasma accelerator globulin or bnefly plasma 
AC globulin 

Blood does not clot in the living body because there is not sufficient 
free thromboplastin to convert the inactive prothrombin into the active 
thrombin Clotting within the vessels is further guarded against by the 
presence in the blood plasma of a substance which neutralizes the 
action of any thrombin which might be present This antagonist to 



IW THE BLOOD, LYMPH, AND TISSUE FLUIDS 


thrombin js called the normal anttthrombin of plasma When, how- 
ever, blood escapes from a cut vessel and flows from a wound, throm- 
boplastin IS liberated from the damaged tissue cells and abo from 
disintegrated platelets Thus, the clotting process is immediately 
initiated 

Anticoagulants. Substances that prevent the coagulation of blood 
are called anticoagulants Among such are hirudin and heparin, dicou- 
marin, sodium or potassium oxalate, fluorides, citrates, certain neutral 
salts, t g , sodium and magnesium sulphates The oxalates act by pre- 
cipitating the calcium of the blood winch, as mentioned above, is re- 
quired for the formation of thrombin Fluorides and citrates form 
soluble compounds with the calcium, but the latter, m so far as the 
clotting process is concerned, is m an inactive form (un-ionized). 
Hirudin is a material secreted by the mouth glands of the leech It 
prevents the blood of the parasite’s host from coagulating while it is 
being sucked Huiidm is prepared commercially for use, chiefly in 
physiological experiments, hepann, however, has largely taken its 
place 

Heparin (Ok hepar, liver) is an anticoagulant of special interest, 
since It IS found in mammalian liver, lung, muscle, and other tissues 
It IS very powerfully anticoagulant, 1 mg of a highly purified prepara- 
tion being capable of preventing for 24 hours the coagulation of 500 
cc of blood, if kept at a temperature of about 50® F 

Dtcoumartn is a poison formed m spoiled clover silage This ma- 
terial has been responsible in the past for a fatal hemorrhage disease of 
fann animals that have been fed on spoiled clover Dicoumarin acts by 
reducing the prothrombin concentration of the blood to such a low 
level that clotting cannot occur Prothrombin is produced m the liver, 
and It IS probable that the poison acts upon this organ and interferes 
m some way with prothrombin production This anticoagulant is now 
widely used m the treatment of coronary thrombosis, and other forms 
of intravascular clotting, for the purpose of preventing the spread of 
the clotting process 

A low prothrombin concentration of the blood with a tendency to 
bleed is associated m some animal species with a dietary lack of a 
Vitamin found m certain green foods (eg , alfalfa, spinach, cabbage, 
etc ) This IS known as vitamin K, or the antihemorrhagic vitamin 
(seep 397) 

The concentration of prothrombin in the blood of the newborn 
child IS frequently much below the normal level, due apparently to a 
lack of vitamin K in the mother’s diet It is unusual, however, for this 



THE COAGULATION OF BLOOD AND LYMPH 105 

to be a cause of bleeding, because when the baby is fed, the bacteria 
introduced into the intestine with the food are capable of synthesizing 
the antihemorrhagic vitamin. Sometimes, however, the prothrombin 
level of the infant's blood is so low at birth that it does not rise to nor- 
mal before a grave hemorrhagic state — hemorrhagic disease of the 
ne^v born — supervenes. It is treated by the intravenous administration 
of synthetic vitamin K. 

The essential importance of prothrombin in the clotting mechanism 
is clearly evident from the foregoing account of its presence in low 
concentration. We have also seen that after ionized calcium has been 
removed from the blood by oxalate, or other means, clotting K en- 
tirely prevented, since prothrombin cannot be activated to thrombin. 

Ihe indispensability of the two other primary factors in the clotting 
process, namely, thromboplastin and fibrinogen, may be illustrated 
by the following observations. Thromboplastin, as mentioned above, 
is derived from tissue cells and from damaged cells in the blood itself. 
If the blood is drawn by means of a syringe directly from a blood 
vessel into a clean glass container made smooth by a coating of liquid 
paraffin or of a solution of silicone, the cells remain largely intact. For 
this reason, and because the blood does not come into contact with the 
tissues, it receives a minimum quantity of thromboplastin and, as a 
consequence, clots much more slowly than usual, liie experiment of 
the “living test tube” also demonstrates the indispensability of throm- 
boplastin for the clotting of blood. When a short section of the jugu- 
lar vein in the living animal is isolated by ligatures from the rest of the 
vessel and removed, the blood within it, since it remains undisturbed 
and in contact with the smooth and uninjured lining of the vein's wall, 
does not clot for many hours. 

Defibrinated blood is blood from which the fibrinogen has been 
removed as fibrin; it is incapable of forming a clot. Defibrination is 
carried out by whipping the blood with a bundle of thin twigs or wires. 
As clotting occurs, the fibrin collects upon the twigs and can in this 
way be removed, leaving only the serum and cells. 

The mechanism underlying the clotting of the blood is chemical in 
nature, and, like other chemical reactions, is slowed by lowering the 
temperature and hastened by warming Blood placed in the refrig- 
erator immediately after it has been shed may remain fluid for 2 or 
3 hours. 

Means used to hasten coagulation. Hie coagulation of blood as it 
issues from a wound can be accelerated by several measures. Heat, 
powder dusted on the wound, tissue extracts (containing thrombo- 
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plastm), a preparation of thrombin, and various chemicals (known 
from their action m this regard as stypUcs or hemostattcs) accelerate 
the clotting process Among the latter are alum, feme chloride, zinc 
chloride, and silver nitrate Such substances arrest bleeding in two 
ways, they hasten clotting of the blood through the precipitation of 
the plasma proteins which, by forming a sticky mass, mechanically 
impede the flow of blood and thus favor platelet disintegration, they 
also cause consinction of the walls of the small bleeding vessels Cer 
tain physiological conditions hasten coagulation Blood shed after 
muscular exercise or emotional excitement clots more quickly than 
usual owing to the discharge of adrenaline into the circulation (p 
420) Adrenaline (epmephnne) injected into the body also causes a 
sample of blood drawn shortly after the injection, to clot more 
quickl) , but no such effect upon the clotting mechanism results from 
adding adrenaline to blood outside the body ” or by applying it to a 
bleeding vessel In the latter instance, however, adrenaline tends to 
stop the bleeding by constricting the small vessels with which it comes 
into contact Thus superficial bleeding or slow oozing of blood is very 
quickly arrested The arrest of bleeding either by hastening coagula 
tion of the blood or by constnction of the bleeding vessels is called 
hemostasis 

Coagulation time and Weeding lime. The coagulation time is de- 
fined as the length of time m minutes, measured from the moment the 
blood sample is collected to the appearance of the first definite sign 
of clotting Several methods for determining this interval have been 
devised The simplest is that of Howell, which consists m collecting 
the blood in a small lest tube coated inside with liquid paraffin and 
gently tilting the tube every 20 seconds or so until the blood is no 
longer liquid — that is, when the line of its surface no longer changes 
freely with tilling 

The bleeding time is jneasui-cd by pncliiag the base of the finger 
nail and when a drop of blood appears, dabbing U lightly from time 
to time with a small piece of filter paper The time from the appear- 
ance of the drop of blood to when the filter paper is no longer stained 
IS taken as the bleeding time 

'* TTic fad that adrenaline histens Ihe coagulaiion of the blood if fnjeclcd into 
Ihe body but nol when added lo blood lo a test lube strongly suggesU that It ods 
not dirfcily upon the clotting mechamsm but only throush some other 8 ructore, pos- 
sibly a ductless gland causing it to secrete a priccipic which exerts a direct coagulant 
action. 
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Hemorrhagic States Due to Failure 
of the Clotting Mechanism 

In rare instances a deficiency of fibrinogen is the cause of the blood 
failing to form a firm clot, with the result that severe hemorrhage 
may follow a wound which in a normal person would be of little con 
cem It IS a very common practice to give calcium m the belief that 
It will promote coagulation of the blood in hemorrhagic states It 
appears, however, that the blood is never so low m calcium that clot- 
ting fails Contrary to what might be expected, a hemorrhagic tend- 
ency IS never due to a low concentration of calcium in the blood Cer- 
tain senous effects (e g , tetany) ensue before the blood calcium is 
reduced to the point where the clotting mechanism is interfered with 
The common use of calcium to promote the coagulation of the blood 
m hemorrhagic states is, therefore, without any scientific foundation 

A depression of the prothrombin of the blood (hypoprothrom’ 
bmemta) is one of the commonest defects of the clottmg mechanism 
The tendency to bleed m obstructive jaundice and, as mentioned on 
page 104, m the hemorrhagic state of cattle fed upon spoiled clover, 
as well as m the hemorrhagic disease of the new bom, is due to this 
cause 

In obstructive jaundice, bile, which is an essential for the absorption 
of vitamin K, does not reach the intestine The body fails, therefore, 
to secure the vitamin required for the manufacture of prothrombin 

Hemophilia. Hemophilia is a disease m which the blood takes an 
abnormally long time to clot The blood of a normal person clots 
within 5 or 6 minutes after its withdrawal from the body In hemo 
philia the blood may remain fluid for an hour or more There is grave 
danger, therefore, of a person afflicted with this disease bleeding to 
death, even from a trivial wound Hemophilia is hereditary but it 
occurs almost solely m males and is transmitted only by females This 
sex linked type of heredity is also seen m the case of color blindness 

The manner m which the disease is carried from generation to 
generation may be illustrated by an example If a man suffenng from 
hemophilia — commonly known as a bleeder — marries a normal 
woman, no offspring of the union will show the disease Some of the 
daughters, nevertheless, but not the sons will u hen they marry, trans- 
mit the disease to some of their sons, but not to the daughters The 
latter, however, can again transmit it The disease, therefore, skips a 



108 THE BIOOO, LYMPH, ANO TISSUE FLUIDS 
generation, a bleeder inheriting it from his mother's male forebears. 
Thus: 

Bleeder Father 


SonO Daughter T 

Son^ Daughter T 

Son O Daughter T Son B Daughter T 

B means a fc/ec<fer; O means nor a bfcedcr, T means a (ransmitter but not a bfceder. 

What part of the clotting mechanism is at fault in this disease is 
uncertain, but there appears to be some defect m the production of 
an active thromboplastm in the plasma. The coagulation time in 
hemophilia is greatly prolonged. Bleeding due to this disease is treated 
most successfully by blood transfusions. 

Purpura. Purpura is another hemorrhagic disease, in which Wood 
leaks from the small vessels of the skin and mucous membranes. 
When the hemorrhages are from the cutaneous vessels, the skin is 
discolored by small purplish patches. Some defect in the capillary 
walls and a reduction m the number of platelets appear to be the 
chief factors concerned in the production of the disease. The coagula- 
tion time IS within normal limits but the bleeding time is prolonged 
One severe type of purpura is apparently due to some destructive ac- 
tion of the spleen upon the platelets Removal of the spleen is followed 
m most instances by an increase in the platelet count and a cessation 
of the hemorrhages. 


The Regulation of the Reaction of the 
Blood and Other Body Fluids 

The acidity or alkalinity of a solution is dependent upon its concen- 
trations in hydrogen ions (H+) and hydroxyl ions (OH“), that Is, 
upon the degree to which the molecules rn the solution are dissociated 
into their constituent ions. A tenth normal solution, of hydrochloric 
acid (H+CI"), for example, contains a high concentration of hydro- 
gen ions, whereas the hydrogen ion concentration of a tenth normal 
solution of acetic acid is very much lower (see Table 1-3, p. 13). 
The acid properties of hydrochloric acid arc, therefore, much greater 
than those of acetic acid. Similarly, a tenth normal solution of sodium 
hydroxide (Na'^^OH”) has a much higher concentration in hydroxyl 
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ions than has a tenth normal solution of sodium bicarbonate. The 
former solution is therefore more alkaline. It must be emphasized 
that it is the concentration of the hydrogen ion — i.e., the extent to 
which the molecule is dissociated — and not the total number of hydro- 
gen atoms which determines the acid reaction. Thus, HCl though it 
contains only one hydrogen atom in its molecule undergoes almost 
complete dissociation into and Cl“ and is, in consequence, a much 
stronger acid than acetic, whose molecules dissociate to a relatively 
small extent. Water undergoes dissociation to a very slight degree 
into H'*' and OH". The ionized hydrogen in a liter of water is 
0.0000001 gram, or more conveniently expressed, 1 X 10~’ gram. 
We therefore say that the H ion concentration of water is 1 X 10"^ 
gram per liter. The symbol to the nght of the figure 1 0 is termed 
the negative exponent or index, and means that to express the value 
in the form of a decimal fraction the figure I roust be placed 7 places 
to the right of the decimal point (00000001). Expressed as a com- 
mon fraction the 10"^ would be 

Other examples of this system of notation are: 

I0“‘ means 0.1 or A 

10-2 « O.OIorrin 

10-2 « 0,001 and so on 

The concentration of OH ions in water is also 1 X 10"^ gram per 
liter. That is, the H'*' ions and OH“ ions arc in equal concentration; 
water is, therefore, neutral in reaction. Now the product of the con- 
centrations of H ions and OH ions in water is 1 X 10"“ [( 1 X 10"^ 
X (1 X 10 “ 2 ) — 1 X I0"“I. Furthermore, in any aqueous solution, 
whether acid, neutral, or alkaline, the product of the concentrations 
of H'*' and OH" ions is constant at 1 X 1 0"“. This means that in an 
acid solution the H''' ion concentration increases, whereas the OH" 
ion concentration is reduced reciprocally. It is evident, then, that in 
order to express the reaction of a solution it is not necessary to give 
the concentrations of both H'*’ and OH" ions, but only of the H'*’ ion. 
The reaction of water or any other neutral solution is indicated, there- 
fore, by stating that it has an H* ion concentration (usually desig- 
nated cH) of 1 X 10~2. The hydrogen ion concentrations of alkaline 
solutions arc less than 1 X 10"’ — diat is, 1 X 10"*, 1 X 10"*, 
1 X 10"“, and so on, according to the degree of alkalinity. The hy- 
drogen ion concentrations of acid solution are more than 1 X 10“’;i.e., 
1 X 10-^, 1 X 10"*. 1 X 10"*, etc. 
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To summarize; neutral solutions have 0.0000001 gram of ionized 
hydrogen per liter — i e., a cH of 1 X 10'^ 

Alkaline solutions have a lower H'*’ ion concentration — i.e., from 
1 X 10-Mo 1 X 20-“ 

Acid solutions have a higher ion concentration — i.e., from 
1 X 10-» to 1 X 10-*. 

Within recent limes a more convenient method of expressing the 
hydrogen ion concentration has been introduced, in which the symbol 
pH, instead oi cH, is used. Thus the expression cH X 10-^ indicat- 
ing a neutral solution, becomes pH 7. Alkaline solutions have pH’s 
ranging from pH 7 to pH 14; acid solutions from pH 7 to pH 1. It 
will be observed that the lower the pH number, the higher is the hy- 
drogen ion concentration — i e., the less alkaline or the more acid is 
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H >ON CONeCHTRATtON 

Fig 3 30 (Explanation in text ) 


the solution (Fig. 3.30) More advanced texts should be consulted 
if the reader wishes to understand the mathematical basis for this 
method of expressing the hydrogen ion concentration m terms of pH. 

Arterial blood has a pH of between 7.39 and 7 45. Venous blood 
is very slightly less alkaline, having a pH between 7.37 and 7.42; the 
change is due to carbon dioxide and small quantities of lactic acid 
which the blood absorbs in passing through the tissues. Though large 
quantities of acid (carbonic. lactic, sulfunc, hydrochloric, etc.) are 
constantly being produced in the body as a result of various metabolic 
processes, tbe reaction of the blood and other body fluids remains 
remarkably constant around the figures just given. The three impor- 
tant mechanisms responsible for the maintenance of this constancy 
of reaction are; 

1. ThoeUminationof COjby thelongs (p 247). 

2. The excretion of acid by the kidney [the urine is decidedly acid 
in reaction (p. 275)] 

3. The buffer s)sfems of the blood and other body fluids 

Buffers may be defined as chemical substances which when pres- 
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ent in a solution permit no change, or only a slight one, to occur in 
that solution when acid (or alkali) is added to it. An amount of hy- 
drochloric acid which if added to water would cause a pronounced in- 
crease in acidity would, when added to blood or any solution buffered 
against acid, produce no appreciable change in reaction. It is from 
this action in buffering the shock, one might say, of the added acid 
that these substances derive their name. For example, when hydro- 
chloric acid is poured into a solution of sodium bicarbonate the very 
weak carbonic acid together with sodium chloride, a neutral salt, is 
produced. Furthermore, the carbonic acid is volatile; it escapes into 
the atmosphere. The result is that little change in the reaction of 
the solution occurs, even though it has received relatively large 
amounts of the strong acid. The sodium bicarbonate acts as a buffer. 
Thus: 

CO, 

/ 

HO -f- NaHCO, - NaO + H,CO, 

hydrechlonc $odium sodium carbonic 

tad btcarboiute chlonde acid 

The chief buffer of the plasma and tissue fluids is sodium bicarbonate. 
A fixed acid such as lactic, formed during muscular activity, reacts 
with the bicarbonate as shown in the following equation. 


CO, 

/• 

HLA + NaHCO, = NaLA -f- H^CO, 

lactic sodium sodium carbonic 

aad bicarbonate lactate acid 

The sodium bicarbonate of the plasma thus serves as a store of alkali 
available for the protection of the body against poisoning with the 
acid products of metabolism. It is therefore called the alkali reserve. 

Other buffers of the blood arc the plasma proteins (which form 
proteinates), phosphates, and the hemoglobin within the red cell. 
Hemoglobin is a weak acid; it is combined in the red blood cells with 
alkali (potassium) to form potassium hemoglobinate (KHb). This 
alkali acts to buffer carbonic acid entering the blood from the tissues. 
The contents of the erythrocytes, however, are separated from the 
plasma by a semipermeable membrane which will not permit the pas- 
sage of K+, Na+, or Ca++ ions but allows the free passage of Cl”, 
HCO,“, and other negative ions, as well as the H'*’ ion and CO,. 
When, therefore, the carbon dioude produced in the tissues enten 
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the plasma, the following interchange of ions occun across the eryth- 
rocyte boundary. The carbon dioxide (COj) diffuses freely into 
the cell and, through the action of an enzyme called carbonic an’ 
hydrase, combines rapidly with H,0 to form carbonic acid (H,CO,). 
The carbonic acid, being a stronger acid than reduced hemoglobin, 
seizes the base combined with the pigment to form potassium bicar- 



Fig 3 31 Showing main pro«ss«s occurring in the blood during the output 
of carbon dioxide and uptake of oxygen m ifae lung (After Roughton, modified ) 


bonate (KHCO,) which dissociates into K+ and HCO." ions. The 
membrane of the cell, as just mentioned, is permeable to HCO,” ions 
but not to K+ ions HCO»“ ions diffuse across the celt boundary into 
the plasma; the ions are retained In order to maintain the bal- 
ance between negative and positive ions on the two sides of the cell 
membrane, Cl" ions derived from the Na*Ch of the plasma pass into 
the cell in exchange for the HCO,~ ions which pass out. In the plasma, 
the HCO," ions unite with the Na* ions, which had been coupled 
with Cl" ions, thus forming sodium bicarbonate (Na+HCO,"). The 
mechanism just described is termed the chloride shift (see Fig. 3.31). 
This mechanism is responsible for the phenomenon, now well recog- 
nized, that an increase in the carbon dioxide of the plasma causes a 
rise in the alkali reserve (sodium bicarbonate). In the lungs, ionic 
interchanges in the reverse order occur. The hemoglobin when it be- 
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comes oxygenated is a very much stronger acid than is reduced hemo 
globm or carbonic acid It, therefore, recaptures the alkali (K+) 
bound to carbonic acid The carbonic anhydrase, whose action is now 
reversed,^* decomposes the carbonic acid into carbon dioxide (CO?) 
and water (HjO) The carbon dioxide diffuses out of the cells, as 
they traverse the capillaries of the lungs, and is exhaled The concen 
tration of HCOr ions within the cells is reduced as a result of these 
reactions HCOj” ions pass from the plasma mto the cells and Cl~ ions 
are transferred from the cells to the plasma The sodium bicarbonate 
of the plasma is reduced, the sodium chloride increased, by the inter- 
change 

Acidosis and alkalosis. The proportion of carbonic acid to sodium 
bicarbonate in the plasma is about 1 to 20, thus 

HjCO, ^ 

NaHCOj 20 

It IS upon this ratio that the reaction of the blood largely depends 
Any shift m the ratio causes a change in blood reaction If, for ex 
ample, the ratio should increase, say, to the blood would be more 
alkaline If the ratio should be reduced to the blood would be 
less alkaline In health, the ratio remains virtually constant The sev 
eral mechanisms mentioned above ensure this constancy If, for ex 
ample, there should be a tendency for the ratio to rise, as a result of 
an mcreased production of carbon dioxide, the bicarbonate of the 
plasma increases through the chlonde shift mechanism If, on the 
other hand, the bicarbonate is reduced owing to the accumulation of 
fixed acids (see equations, p 111), more carbon dioxide is excreted 
by the lungs and the ratio thus maintamed at its normal value 

In certain diseases, eg, diabetes and kidney disease (nephritis), 
excessive acid production or reduced elimmation of acid occurs, the 
bicarbonate of the plasma becomes markedly reduced, and a change 
in the ratio may result The blood becomes less alkaline and the alk^i 
reserve is diminished The condition is then spoken of as acidosis 
The term acidosis is also applied to the condition in which the plasma 
bicarbonate is reduced but there is no change in the H~COi/NaHCOs 
ratio and, consequently, no change in blood reaction This is spoken 
of as compensated acidosis When, as m the first mentioned instance, 
the acidosis is accompanied by a change in blood reaction it is said 
to be uncompensated 

It should be emphasized that the H»CO^aHCO| ratio does not 
** Th« action of most enzymes is reversible 
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vary from its normal value of ^ unless senous disease exists There 
are two possible exceptions to this statement First, m very strenuous 
muscular exercise the large quantities of carbon dioxide and lactic 
acid produced might result m a sli^t and temporary reduction in the 
alkalinity of the blood Secondly, forced breathing (p 255) if pro 
longed may, through the excessive loss of carbon dioxide, cause the 
blood to become temporanly slightly more alkaline 

It should be remembered moreover, that the blood practically 
never, except m the last stages of some fatal disease, becomes actu 
ally acid in reaction — that is, with a pH less than 7, and rarely does 
n even approach the neutral point The range of blood reaction com- 
patible with life IS from about pH 7 8 to 6 8 It is quite evident then, 
that the term acidosis is frequently used-— especially by the adver- 
tisers of quack remedies— without any clear understanding of its 
meaning 

Alkalosis IS the corresponding term used to denote an increase in 
sodium bicarbonate with or without a change m the H»CO,/NaHCOi 
ratio As in the case of acidosis it is called compensated or uncom* 
pensated respectively, according to whether or not a change in the 
ratio and so, of course in the blood reaction has occurred Alkalosis 
may result from the ingestion of large quantities of sodium bicar 
bonate, from persistent vomitmg when hydrochlonc acid is removed 
m the gastric juice, or from forced breathing when, as already men 
tioned unusually large quantities of carbon dioxide are ehmmated 

** U has been the cusiom to use the tenns aodosn and alkalosis to denote changes 
In the alkali reserve regardless of whether or not an accompaoj^Dg change cpccontd 
In pH But with a view to more precise definidons it has been suggested that ihe 
above terms be reserved for changes lo alkali reserve m which the pH 1* normal and 
that acidemia and aliaUmta be used (o denote changes m aUcali reserve with a fall 
or a rise respectively in pR 
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The Circulation of the Blood 


General Description of the 
Circulatory System ^ 

The blood circulates through the body in a completefy closed systen 
consisting of a pump — the heart — and a network of tubes— the blooi 
vessels. 

The heart. The heart is a hollow muscular organ, roughly com 
shaped, situated th<» r<»r.t er of the thoracic cavity^ and in clQSl 
relation to the lungs . About a third of its buUclies to tlie ahc 
iwo^irds to the lett oi twraia.ime dTtRe bodyT The heart is dividec 
by partitions or septa into four chambers — the rfg/tf and lejt auricle s 
(or ano me right and left ' ventricles. Itic auncles^arc situatec 
above, p^teriwly, and lo me right; the ventricles are situated below 
more anteriorly, and to the left. Tl|c broad upper part of the hear 
formed by the auricles is called the base. Its somewhat pointed lower 
part formed by the left ventricle is called the apex; this is directed 
downward, forward, and to the left (Fig. 4.1 ). 

The heart is enclosed within a delicate two-layered membrane 
called the s erous pericardiu m; each layer consists of a single stratum 
of endothelial celi^ The inner layer, which is in contact with and ad- 
herent to the heart muscle, is called the visceral layer or epicardium. 
The outer layer is separated from the inner by a thin film of fluid and 
is known as the parietal layer. The potential space between the two 
layers is known as the pericardial sac. A tougher fibrous membrane — 
the fibrous pericardium — surrounds the serous pericardium and ex- 
tends upward to blend with (fie coats of the great vessels; it is firmly 

1 Auricle, though &a older anaionucal term. U still most frequently used fa 
physiology. * 
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attached m front to the posterior asp^t of the sternum and below to 
the central part of the upper surface of the diaphragm 
The right and left halves of the heart — the right auncle (or atnum) 
and ventnclc, on the one hand and the left auncle (or atnum) and 
ventncle, on the other — are not in communication The partition in 
terposed between the two auricles is called the tnteraimcular septum 



that separating the two ventricles from one another is named the in 
tenentrtciilar septum The auncle of each side communicates with the 
corresponding ventncle through an opening the aunculo (or atno-) 
xentncular orifice guarded by the aunculo (or atno ) ventricular 
valve These valves open toward the ventricles permitting blood to 
enter from the auricles but close the instant that the ventncle con 
tracts thus the passage of the blood backward into the auricles is pre 
vented The aunculo- (atno ) venincular valve on the left side is also 
known as the mitral valve from its fancied resemblance to a bishops 
miter or tall cap that on the right side as the tricuspid valve (see also 
p 174) because it consists of three triangular leaves or cusps 
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'• The muscular walls of the auricles are thin compared with the 
muscle of the ventricles. The left ventricular wall has a wall about 
double the thickness of that of the right ventricle, since the work 
which it must perform is much greater than that performed by the 



Fsg 4.2 Cross section of heart through the venJncles. 


right ventricle (Fig. 4.2). The heart chambers are lined by a delicate 
endothelial membrane called the endocardium Springing from the 
wall of each ventricular cavity are two small muscular pillars, some- 
what conical in shape and known as the papillary muscles (musculi 
papillares). From the apices of the latter, slender cords, the chordae 
tendineae, arise and are attached to the ventricular aspects of the 
auriculoventricular valves (Fig. 4.3). Acting like guy ropes, they 
support the delicate leaflets of the valves against the pressure devel- 
oped in the ventricle during its contraction 

The arrangement of the fibers of the ventricles is very complex. 
They are disposed in a superficial and a deep series of layers. Of the 
superficial layers, some course from the upper and anterior part of 
the right ventricle downward and to the left, looping around the apex, 
in the form of a vortex (Fig. 4.4). Passing upward and inward they 
end in the papillary muscles of the left ventricle. Other superficial 
groups of fibers pass diagonally across the posterior surface of the 
heart from right to left. Of the deep layers, some pass from the papil- 
lary muscles of one ventricle to those of the other, encircling both 
ventricles in a scroll-like or S-shaped manner. Other groups encircle 
the left ventricle alone. 

The right side of the heart contains venous blood; that is, blood 
which has passed through the tissues and given up a proportion of its 
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load of oJ^gen (p. 247). The left side contains bright red (arteriaf. 
blood — blood which has been oxygenated in the lungs. The venous 
blood is delivered to the right auticle by two large veins — the superior 
vena cava which drains blood from the upper part of the body (head, 

RIGHT CyiROTJO 



neck, arms, and the interior of the thoracic wall), and the inferior 
vena cava which conveys blood from the lower part of the body 
(lower limbs and abdominal organs) /^e blood flows from the J ght. 
auric le through the auriculoventricular^nfic e. Wo the right v^ric|e. 
fro m which it is discharged during ventnc ular^on tracti omfihioJhe^ 
thcn^ th ro ugh the ves5eIs'lo fjheIiMnfis»_^^h£r 
passing through the capillaries of the lun gs, where it give s _up_ ca fboji 
dioxXie_and absotbs-oxygcn, U\e_oxygenated b!ood° is conveyed b y 
Ac four pulmo nary' yein^ Qwo.from each lun^Jojhe.ieftjiuj^^t 
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Fig 4 4 Dissection of heart muscle to show the course of the 
fiters (Redrawn, after Mall ) 


then passes through the left aunculove ntnc ular orifice tnt ojhe left 
ventncle When the ventncutar muscle contracts, the blood is pumped 
into the aorta — the great artery which arises from the upper paitTif 
th^eft ventncle 

Thus, the blood circulates through (he lungs from the right ventricle 
to the left auricle, and through the rest of the body from the left ven> 
tricle to the right auricle (PI 4) The course through the lungs is 
called the pulmonary or lesser circulation, (hat through all other 
parts of the body, the systemic or greater circulation The right ven* 
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tncle IS therefore the pump for the pulmonary circulation, the left 
ventricle serves a corresponding function for the systemic or greater 
circulation Both ventn cles contract at the same instant _ 

Though It IS now a matter or^^ralknowledge that the blood 
circulates m this way, the truth la^mddcn until Williani Harvey, an 
English physician of_lhe^e|;ente«ith century (Fig 4 5), made the 
discovery By his clear reasoning from a number of observations and 
simple expenments, he convinced those who were not blinded by pi« 



Fig 4 6 From an engraving m Harvey s ExtrcilaUo anatomiea de 
mom cordis el sanguinis in animalibus illuslraiiog one of ius demoo 
stralions (See lest ) 


conceived notions that the blood must take the course outlined above 
Harvey pointed out that, owing to the structure and arrangement of 
the valves of the heart, the blood must course through it only in one 
direction He showed that when the veins of a lunb were compressed 
the blood was dammed back on the side of the block farther from the 
heart (Fig 4 6) These facts could mean only that the blood made a 
circuit of the body An examination of the valves of the veins which 
were so placed that they would allow blood to flow toward the heart, 
but not in the reverse direction, supported this conclusion In 1628, 
he published his great work Cxerctlatto anatomiea de motu cordis et 
sangumis in animahbus (Anatomical Exercise on the Motion of the 
Heart and Blood in Ammals) Before Harvey’s day the dogmas of 
Galen, a Greek physvevan who practveed medicine vn Rome m Uie 
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second century of the Christian era, dominated all medical thought. 
His views on physiology were accepted without question as the infal- 
lible pronouncements of a god. According to Galen, the food material 
absorbed from the intestines was conveyed by the portal vein to the 
liver where it was converted into blood. This newly formed and some- 
what crude type of blood then passed to the right side of the heart 
where it was purified; the impurities, finding vent through the pul- 
monary artery and lungs, were exhaled in the breath. The blood 
formed in the liver did not circulate, but was conceived as simply ebb- 
ing and flowing in the veins; from it the tissues derived their nutri- 
ment. A small part of the blood in the right heart was believed, how- 
ever, to find its way through invisible pores in the septum to the left 
side where, mixing with air received from the lungs through the pul- 
monary veins, it was transformed into a more refined type of blood. 
This arterial blood, as the result of the action upon it of a vital es- 
sence — the pneuma — received from the air, possessed a life-giving 
principle which Galen called the vital spirit. 

This brief description of ancient and medieval physiology will give 
the reader an appreciation and idea of the fundamental nature and im- 
mense importance of Harvey’s discovery. Galen was a great and wise 
physician and experimentalist of his time and it can be seen that 
in his theory of the pneuma, by which he sought to explain the dif- 
ference between venous and arterial blood, he was groping for an es- 
sential life-sustaining principle in air which we now identify as oxygen. 
Indeed, with the clear vision of genius, he remarked, "When we know 
what supports a flame we shall know the cause of the body’s heat." 
Oxygen was not discovered and its importance to living processes 
jecognized until Lavoisier’s work in the eighteenth century. 

The blood vessels. There are four main types of blood vessel: 
arteries, arterioles, capillaries, and vem^. 

The arteries. These are of various sizes; the largest in the body are 
the aorta — which is the sole outlet for the blood from the left ventricle 
— and the pulmonary artery, which receives the contents of the right 
ventricle. In man, each of these vessels is a little over an inch in diam- 
eter. Traced peripherally, the channels of the arterial system divide 
and subdivide extensively like the limbs and twigs of a tree. The aorta 
ascends from its origin for a short distance and then, forming an arch, 
descends in front of the vertebral column through the thorax and 
abdomen. At the level of the fourth lumbar vertebra it divides into 
two vessels — the ri^ht and left common iliac arteries. Each common 
iliac divides into two branches — the external and internal iliac arter- 
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Fig 4 7 D agram of m n vessels of 
Ihe body Veins and pulmonary artery 

10 hatched shading artenes stippled 

1 right ventricle la right auncle 

2 left veotnele 3 arch of aorta 
4 innominate artery S nght subcia 
vian artery 6 left common caroud ar 
tery 7 nghi common carotid artery 
8 rght subclavian artery 9 pulmo- 
nary artery 10 superior vena cava 

11 jugular veio 12 left subclav an 
vein 13 abdominal aorta 14 branch 
es of celiac axis artery 15 hepatic 
veins 16 inferior vena cava 17 renal 
artenes and ve ns 18 superior mesen 
teric artery 19 mfenor mesenteric 
artery 20 common iliac veins 21 
common il ac artery A A adrenal 
elands D D d aphragm K. k kid 
oeys 


ICS The former carries blood to the lower limbs after entering the 
ihjgh It IS called the femoral artery The internal iliac (or hypogastric) 
artery is distnbutcd to Ihe pcivts 

The thoracic and abdominal viscera are supplied by branches that 
spnng from the aorta in its course through these cavities Three large 
artenes spring from the arch of the aorta the left common carotid 
the left subclavian and the Innommate arteries The last is a short 
trunk which divides into the right common carotid and the right sub 
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cloMan nnenes The common carotid arteries arc the mam arterial 
trunU to the head They ascend on either side of the ncch and at the 
upper border of the thyroid cartilage disidc into the external and in- 
ternal carotid arteries Tlic latter enters the cranial cavity \vherc it 
diMdcs into branches to suppl) the brain with blood Tlie subclavian 
arteiy con\c>’s blood to the upper limb, at the root of the limb it is 
called the axillary artery, and in the arm the brachial artery (see 
Figs 4 3 and 4 7} It will be noted that the common carotid and sub- 
clavian artenes on the right side spring from the innominate, whereas 
the left common carotid and subclavian arise directl) from the aorta 
The foregoing is but the barest outline of the artcnal s)stcm 
The walls of the artenes arc thick and strong they contain a large 
proportion of clastic tissue and a smaller amount of smooth muscle 
The) arc lined b) endothelium which is called the internal coat or/ 



tunica Intima The middle coat or tunica media is made up of elastic 
and muscular tissues The outer coat, composed of connective tissue, 
IS called the tunica adventitia (see Fig 4 8) The proportions of 
smooth muscle and clastic tissue in the arterial wall vary with the size 
of the artery Though clastic tissue enters largely into the construction 
of the largest vessels (c g , the pulmonary artery and aorta) muscular 
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tissue is relatively small in amount. In the medium and smallest ar- 
terial branches, especially in the tatter, the smooth muscle is more 
abundant, the elastic tissue being correspondingly reduced. The walls 
o! the arteries, except those of the smallest ( 1 mm or less in diameter) , 
are themselves furnished with minute blood vessels. These vessels, 
called vasa vasonim (vessels of vessels), ramify in the tunica adventi- 
tia and outer layer of the tunica media The small arteries, as well as 
the vasa vasorum, are supplied with nerves through which their cali- 
bers are controlled. 

The arterioles. Each of the smallest arterial branches divides into a 
number of still finer vessels, called arterioles. The arterioles are about 
0 2 mm in diameter, being just visible to the naked eye. Although they 
possess an endothelial lining and a thin layer of elastic tissue, their 
walls are composed mainly of smooth muscle whose fibers form en- 
circling rings. The arterioles are supplied with nerves which, by bring- 
ing about contraction or relaxation of the rings of smooth muscle, 
control their calibers. Thus, the quantity of blood passing through this 
part of the circulatory system may be altered from time to time as 
occasion requires (see pp 195-6). 

The captilaries. An arteriole when traced peripherally is found to 
break up into a number of extremely narrow tubes, the capillaries. 



These vessels (Fig. 4 9) are from 4 to I mm long, and have a caliber 
which in many instances is no greater, and may be less, than the diam- 
eter of a red blood corpuscle (7 to 8 microns) The wall of a capillary 
is composed of a single layer oj endothelial cells — a membrane of 
exquisite thinness which, as mentioned elsewhere (p 66), permits 
the free passage of water and crystalloids between its cells, but is only 
slightly permeable to the plasma proteins In amphibians, but not in 
mammals, there are to be seen, lying close to or in contact with the 
capillary wall, peculiar cells whose slender processes form a lattice- 
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Fig. 4.10 Showing Rouget cells on ihe wall of an amphib- 
ian capillary. 


work embracing the vessel (Fig. 4.10). They are called Rouget cells. 
The capillaries, though constituting such an inconspicuous part of 
the circulation, are nevertheless the raison d’etre for the rest of the 
circulatory system. The heart is the pump and the relatively thick- 
walled arteries and veins simply conduits which carry blood to and 
from the capillaries; in the capillary region the object of the circula- 
tion — namely, to convey oxygen and nutritive materials to the tis- 
sues and to carry carbon dioxide and waste products away — is ful- 
filled. The walls of vessels larger than the capillaries are impervious to 
gases and Uqulds. 

The veins. Like the arteries, the veins have walls composed of three 
coats, but the tunica media is poorly developed as compared with an 
artery of about the same size. The wall of a vein is, consequently, 
much thinner than that of its companion artery, but its caliber is 
considerably larger (see Fig. 4.8). The larger veins of the abdomen 
and lower limbs possess valves which open in the direction in which 
the blood is, flowing — that is, toward the heart ( Fig. 4.11). The very 
small veins succeeding the capillaries arc generally referred to as 
venules. . , 


Fig, 4.11 A vein of the lower limb opened 
to sbow valve. The arrow indicates the direc- 
tion of the blood flow. 




126 THE CIRCULATION OF THE BLOOD 


Hemodynamic Principles 

In order that certain features of the circulation may be understood, 
some of the physical laws governing the flow of liquids through tubes 
must be briefly reviewed The more important of these laws may be 
illustrated by means of a model 

In Figure 4 12 is shown a piece of apparatus made to represent 
the systemic circulation and consisting of two horizontal glass tubes, 
AA and BB, from each of which a senes of vertical side tubes of 
smaller caliber, T, T T, and T' T, T', arc given off The two systems 
of tubes are connected by finer tubes of elastic rubber The hand 
bulb, H, IS so valved as to direct a flow of fluid as indicated by the 
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arrows. It represents the left ventricle of the heart; the tube, AA, rep- 
resents the aorta, and the vertical tubes, T, T, and T, represent some 
of its main branches. The system on the right corresponds to the 
venous system, in which BB are the larger veins (venae cavae) open- 
ing into the right auricle, Au, and the vertical tubes T', T', and T', 
their larger tributaries. The smaller rubber tubes, C, connecting the 
two systems represent the minute vessels, arterioles, capillaries, and 
venules. When the bulb, H, is alternately compressed and released 
at a suitable rate, it acts as a pump and, drawing fluid from the part 
of the system representing the auricle, Au, and the large veins, BB, 
forces it along AA. The fluid rises in the vertical side tubes, T, and 
its height in any tube indicates the pressure in centimeters of water 
at the point in the horizontal tube where that tube is given off. At 
every beat of the pump, the fluid in each side tube will be seen to 
fluctuate above, and then fall below, a certain mean level.* It will 
also be observed that the pressure (height) of the fluid in the side 
tubes falls progressively from tube to tube, as indicated by the slant- 
ing lines, R-R and 0*0. This slope of pressure is due to the loss of 
energy caused by the frictional resistance offered to the flow of fluid 
along the horizontal tubes; for with a given amoul of energy (trans- 
mitted to the fluid through the hand bulb), the greater the proportion 
of that energy which is expended in driving the fluid against resist- 
ance along the horizontal tubes, the smaller will be the proportion 
exhibited as pressure. The greater the area of the frictional surface 
over which the fluid flo\N^ — that is, the longer the distance along the 
horizontal tubes — the greater will be the energy expended in over- 
coming frictional resistance and dissipated as heat. Hence, the pres- 
sure in the second tube is less than in the first, and the pressure in 
the third tube is less, again, than in the second; and, if there were a. 
long series of tubes given off from the horizontal tube, the pressure in 
each would be lower than that in the one before it to the end of the 
series. 

The section of connecting tubes, C, beneath the bar, D. can be 
compressed or decompressed by tightening or loosening the thumb 
screws marked S, S; the calibers of these tubes are thus reduced or 
increased, respectively. When their calibers are reduced and the 
quantity of fluid passing through them is, in consequence, diminished, 
but the amount of fluid entering the system from the pump remains 

* The model Is not designed to illustrate Uie action of the heart, but only to show 
the physical principles governing the flow of liquid in narrow tubes. The ventricles, 
for example, do not “draw" blo^ from the auncles as the model Indicates. On the 
contrary, the blood flows from the auricles into the ventricles under its own pressure. 
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approximately the same, then the pressure rises, as indicated by the 
heights of the fluid columns in the system on the left representing 
the arterial system. The pressure in the right-hand system, which 
represents the veins, falls, because less fluid now enters this system. 
Upon decompression of the rubber tubes, C — the quantity of fluid 
forced in by the pump again remaining unchanged — the pressure 
falls in the left-hand system and rises in the system on the right. 

As the reader will learn later (pp 195 and 196), the arterioles can 
be narrowed or enlarged in calil»r by means of vasoconstrictor and 
vasodilator nerves supplying their muscular coat. The bar, D, in the 
model, by the tightening or loosening of which the small rubber tubes 
can be compressed or decompressed, represents these nen’es. 

Other hydrodynamic principles applicable to the circulation can 
be illustrated by means of the model If, for example, the bulb, H, 
representing the left ventricle is compressed and decompressed more 
vigorously, more fluid will be pumped at each stroke into the sys- 
tem; the heights of the fluid m the side tubes, T, will show more pro- 
nounced fluctuations, and the mean pressure level will rise. More 
rapid strokes of the pump, with or without an increase of fluid forced 
into the system at each stroke, will also cause a rise in the mean level 
of the fluid in the side tubes. Changes of a similar nature in the ac- 
tion of the heart cause corresponding eficcts upon the arterial blood 
pressure. 

If one of the small rubber tubes on the left of the bar, D, is 
loosened, punctured, or disconnected, so that a leak occurs in the 
system representmg the artcnal side of the circulation, a progressive 



Fig 4 13 (Description in text.) 


or a sharp fall in the levels of the fluid in the side tubes will occur; 
if the leak is considerable, the pressure cannot be restored to its orig- 
inal level even though rapid and vigorous strokes are made with 
the pump. In a similar way, loss of blood by hemorrhage causes a 
progressive or a sudden fall in blood pressure, the rate of the fall 
depending upon the severity of the bleeding. A leak in the right-hand 
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(venous) system would likely have a slower and a much less pro- 
nounced e^ect. 

Let us now turn from the consideration of fluid pressure to a study 
of velocity of flow in a 'system of tubes. Physical principles govern- 
ing the velocity of a fluid in a system of tubes comparable in size 
to the blood vessels are best illustrated by means of the model shown 
in Figure 4.13. The fluid in the reservoir, R, is kept at a steady level 
by means of the flow from a faucet. Whatever quantity of fluid en- 
ters the reservoir by the faucet must leave by the mouth, M, of the 
horizontal tube, H; otherwise the reservoir would overflow or be 


gradually emptied. It follows then that equal quantities of fluid must 


pass along equal lengths of the 
tube, H, in any stated time. But 
section A is narrower (i.e,, its 
capacity is less) than the sec- 
tions of tube on either side. In 
order then to transmit the same 
volume of fluid, the velocity of 
flow in the narrow section must 



Fig 4 !4 (Description in text.) 


increase. Section B is much broader; the flow in this section is, there- 


fore, slower. It is immaterial to the general principle whether section B 
is a single channel or is divided into a number of smaller ones as in Fig- 
ure 4.14, for, provided that the total cross area — that is, the sum of the 
cross areas of the small tubes in B — is greater than the cross area else- 
where along the horizontal tube, the flow through section B will be 
slower. Though each individual tube may be extremely narrow, the ve- 
locity of flow in each of the constituent tubes of B will be less than in 
any other part of the horizontal tube, H. Thus, with respect to velocity 
of flow, one of these fine tubes, which constitutes but a small part of 
the total cross area of the section which they occupy, differs from 
the single narrow tube, A, since the latter offers the sole channel at 
this point of tube H giving passage to the fluid In the circulation of 
the blood, the differences in velocity between, say, the aorta or large 
veins on the one hand and the capillary region on the other are due 
entirely to variations in the total cross areas of the vascular channels 
in the two situations (see also pp. 134-5) . 

Though, in general, the physical principles of the circulation can 
be demonstrated in a model, such a model differs from the vascular 


system in certain important particulars. In the first place, the tubes in 
the model, except those of the small rubber tubes in Figure 4.12, 
have rigid walls; they lack the elasticity of the living vessels, and this 
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property of the vascular structures 5s essential for maintaining an 
adequate supply of blood to the tissues in the intervals between the 
beats of the heart (p. 148). Again, certain physiological factors come 
into play in the living body under varying conditions, so that it is 
not always possible to predict what will happen under a given set of 
circumstances The complexity of these physiological factors, reac- 
tions and counterreactions, adjustments and compensations, preclude 
their being duplicated m any inanimate system. 

The pressure of blood throughout the Vascular system. In the model 
(Fig. 4.12), it will be observed that the oblique line R-R in the sys- 
tem on the left indicating the pressure levels at intervals along the 
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Fig 4 15 Curve of blood pressure throughout the circulation-— 
from left ventricle to right auricle 


horizontal tube, if contuiued to the right, would not meet the corre- 
sponding line 0-0 in the right-hand system, but would fall above it 
This means that a fall m pressure more pronounced than elsewhere 
occurs in the region of the small rubber tubes representing the mi- 
nute vesseb of the vascular system This relatively sharp drop in pres- 
sure is due to a greater amount of energy being expended in over- 
coming the frictional resistance offered by the sraall-calibered tubes, 
C; for the total surface over which the fluid flows is greatly increased 
by these subdivisions of the hotizontal lube. Thus, in the vascular 
system, a large part of the ventricular contraction is expended in 
overcoming the resistance offered by the sraall-calibered arterioles; 
an abrupt fall in pressure, therefore, occurs in this region of the cir- 
culation. A more gradual fall in pressure occurs from this point on 
through the capillaries and veins to the right auricle, which is filled 
at a very low pressure — namely, about 5 centimeters of water (see 
Fig. 4.15). It will be seen (Fig. 4.18, p. 134) that when the velocity 
of the blood flow throughout the vascular system is plotted, the curve 
obtained is quite different. 



HEMODYNAMIC PRINCIPLES 131 


The work of (he hcart-the cardiac ontput The energy whereby the 
pressure is mamtained in the vascular system and the blood driven 
through the systemic circulation is derived from the contraction of 
the left ventricle. The right ventricle drives the blood through the 
lungs. The work performed by these two cardiac chambers will now 
be considered. The work performed by a machine is expressed in 
foot-pounds or in kilogram-meters; that is, the vertical distance, in 
feet or meters, through which a given weight, in pounds or kilograms, 
is lifted. Thus, if a weight of 2 kilograms is raised to a height of 4 
meters the work done is 8 kilogram-meters. The efficiency of the 
machine is the proportion of the total energy expended which appears 
as work. Thus 

work a, . 

total energy expended ^ ciency 

The work performed by the heart when it contracts may be expressed 
in the same way, for it ejects a certain weight of blood at a mean 
pressure of about 1.25 meters of water (or blood), which is cquiva* 
lent to saying that the heart raises the blood to a height of 1 .3 meters. 
As we shall soon see, if a long glass tube be inserted into a large 
artery, and held vertically, the blood actually rises to a height of sev* 
eral feet. 

Under ordinary conditions of bodily rest, by far the greater pro- 
portion (98 to 99 percent) of the work performed by the heart may 
be calculated from the following formula: 

W=fQR 

W = work in kilogram-meters 

Q S' quantity of blood ejected, in kilograms 

R « mean blood pressure in the aorta, in meters of blood 

To give an example', if the left ventricle discharges 60 grams of 
blood at each beat (contraction) against an aortic pressure of 125 
mm Hg, that is equivalent to saying that the ventricular contraction 
raises 0.06 kilograms of blood to a height of 1.62 meters (mercury 
is approximately thirteen times heavier than blood). Then the work 
performed by the left ventricle at each beat is (1.62 X 0.06) 0.97 
kilogram-meters, or (0.97 X 70) 68 kilogram-meters per minute, at 
a heart rate of 70 beats per minute. 

The pressure in the pulmonary artery is only | of that in the aorta. 
That is, the pressure developed by the right ventricle is only | that 
developed by the left. The quantity of blood ejected by each ventricle 
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IS, however, the same The fraction J, therefore, is used to obtam the 
work of the whole heart — that is, of both ventricles 

The cardiac output. The amount of blood ejected by one ventncle 
per minute is called the minute volume of the heart or the cardiac 
output The mmute volume of the human heart under ordinary con- 
ditions of mental and physical rest * amounts to from 4 to 5 5 liters, 
depending on the size of the individual * It must be remembered, how 
ever, that, per minute, an equal volume of blood is ejected by the 
right ventncle, and that an equal volume passes through the lungs 
and through the systemic circulation The mmute volume of the 
heart is therefore also referred to as the circulation rate In other 
words It IS the quantity of blood that passes per minute through the 
circulatory system The quantity of blood ejected by one ventncle at 
each beat of the heart is called the stroke volume, it amounts to 60 
or 70 cc under resting conditions The cardiac output or minute vol 
umc IS the product therefore of the stroke volume and the heart rate 
Thus, 

cardiac output (per mmute) * stroke volume X heart rate. 

The cardiac output is greatly increased during muscular exercise 
In a robust healthy young man doing strenuous work it may amount 
to over 20 liters The minute volume of the heart is raised by increas 
mg the output per beat (stroke volume) and usually by increasing the 
number of beats per mmute (heart rate) as well In persons of poor 
muscular development the heart rate accelerates in response to exer 
cise to a greater extent than in those of athletic build That iS, the 
former in order to increase their cardiac output, depend upon increase 
m heart rate to a greater extent than do the latter In some athlete^ for 
example the minute volume may be increased several fold with little or 
no change in heart rate 

The minute volume of the heart is also increased during digestion 
at high environmental temperatures during emotional excitement 
and m the later months of pregnancy Among pathological conditions 
which increase the cardiac output arc hyperthyroidism (p 41 1 ), fever 

* Ttie c&ntiac output js alfecttd so nuny physvoto^eot conditions that in 
order for the values obtained In d ffercni persons to be strictly comparable and have 
a definite meaning voih respect to cardiac function the determination must be car 
ned out under uniform or basal cond t ons The subject must have been without 
food for 12 boars and be at menial and phy»cal rest In a room kept at an ordinary 
comfortable temperature — about 25* C 

* The card ac output bears a closer telaliooship to the surface area of the body 
than to the body wei^t The value Is around 3 liters per square meter of body sur 
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and severe anemia. It is reduced in hypothyroidism and in certain 
forms of cardiac disease. 

The cardiac output in man can be measured only indirectly. The 
method of measurement is based upon what is generally known as the 
Pick principle. Pick pointed out that, if the quantity of carbon diox- 
ide which'was given off in the lungs (or of oxygen absorbed from the 
lungs) by each 100 cc of blood were known, and if the total quantity 
of CO, given off (or of oxygen absorbed) over a given period of time 
were also known, then the volume of blood which had passed through 
the lungs in that time could be calculated. Por example, if the venous 
blood coming to the lungs contained 58 cc of carbon dioxide per 
100 cc and the arterial blood leaving the lungs contained 52 volumes 
per 100 cc, then 6 cc of carbon dioxide per 100 cc must have been 
given off by the blood in its passage through the lungs. We must then 
first determine the gas content of the blood (either CO. or oxygen) 
in the arterial blood and in the venous blood. It is a comparatively 
simple matter to obtain a sample of arterial blood for analysis (by 
puncturing an artery with a hollow needle attached to a syringe). It 
is much more difficult to determine the gas content of the venous 
blood in the vessels of the lungs, or of the blood coming to the lungs 
(e.g., in the pulmonary artery). It can be obtained indirectly by a 
rather complicated procedure from the alveolar air, or by passing a 
slender rubber tube up the large vein of the arm into the right auricle 
of the heart and withdrawing a sample of blood, The oxygen or car- 
bon dioxide content (that is, the load of either gas) of the blood in 
the auricle will, of course, be the same as that in the pulmonary ar- 
tery. 

The total quantity of carbon dioxide eliminated (or of oxygen con- 
sumed) over a period of a few minutes is next determined (pp. 356-7). 
Let us say that this amounts to 240 cc per minute. We now have all 
the data necessary for the calculation of the cardiac output. Thus: 


(Total CO, eliminated per minute) 

240 cc 

6 cc 

(Difference between volumes of 
CO, in venous and arterial bloods) 


100 = 4000 cc cardiac output 
or minute volume 


The Velocity of the Blood 

The velocity of the blood varies in different parts of the vascular sys- 
tem. It does not, like the blood pressure, show a continuously pro- 
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gressivc diminution from the aorta to the right auricle The Wood 
moves swiftly through the large arteries In the human aorta, for ex 
ample, its speed is around 0 4 meters per second when the body is at 
rest The velocity decreases moderately throughout the artenal tree, 
but is greatly reduced in the capillaries, where it averages only 0 5 
mm per second The blood upon reaching the venous ^stem speeds 



Rg 4 16 Diagram showing the pressure end velocity of the blood In different 
parts of the vascular system (Modilied from Frederics ) Note the relation be- 
tween blood velocity and vascular area and the absence of rhythmical vana 
tions m pressure and velocity in the cap Uaries and veins 

up again and, in the great veins feeding the heart (superior and in- 
ferior venae cavae), flows at a velocity not greatly less than that of 
the blood in the aorta 

The hydrodynamic principle stated on page 129 and illustrated by 
the models m Figures 4 13 and 4 14 is of such importance that it will 
be well to apply it more directly to the circulation It should be 
emphasized that except for veiy brief periods the quantity of blood 
returned to the right side of the heart in any given time must equal 
that ejected by the left ventricle Variations m the velocity of the 
blood stream are due simply to differences in the dimensions of the 
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total cross area of the vessels through which the blood flows. The 
broader the passage for the blood, the slower will be its flow, and vice 
versa. It is quite immaterial to the principle whether the expansion 
of the bed of the stream is due to a single large channel, or to a divi- 
sion into a number of small, even minute, separate channels. Pro- 
vided that the total cross area of a region of the vascular bed, which 



Fig 4.17 Diagram illustrating the relative sectional areas of the aorta, capil- 
lary bed, and great veins. The area of the “capillary lake" is actually much 
greater relatively than is shown. (After Best and Taylor, The Physiological Basis 
of Medical Practice.) 

constitutes the only passage for the blood from the left to the right 
side of the heart, is greater, the velocity of flow in the expanded part 
of the system will be reduced. 

The human aorta is a little over an inch in diameter. All the blood 
ejected by the left ventricle must pass through this channel; the blood 
velocity must therefore be much greater here than in more peripheral 
parts of the vascular tree where, as a result of the numerous branch- 
ings and rebranchings, the total cross area of the vascular bed is in- 
creased. The flow in a carotid artery, for example, is slower than that 
in the aorta, for there arc two carotids, as well as several other 
branches given off by the aorta, and the sum of their cross areas is 
considerably greater than that of the latter vessel. In the region of 
the capillaries where, as just mentioned, the flow is greatly slowed, 
the most pronounced widening of the bed is found. For this reason, 
the capillary area is frequently referred to as the ‘’capillary lake.” 
Though the cross area of each capillary is only a very small fraction 
of that of the aorta, the sura of all the cross areas of the capillaries is 
from 600 to 800 times greater (sec Figs. 4 16 and 4.17).* 

B The average diameter of a capillaiy is about 10 micronJ. the diameter of the 
human aorta is about 25 mm (approximately 1 Inch), 
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In the venous system, the successive junctions of smaller veins to 
form larger trunks result in a progressive narrowing of the cross area 
of the vascular channels until, at the entrance to the right auricle, the 
two blood columns (in the superior and inferior venae cavae) have 
together a cross area only about double that of the aorta; and that is 
why the velocity of flow in these large veins is not so greatly less than 
the flow in the aorta. When the velocities throughout the vascular 



Fig. 4.18 Curve of velocity throughout the circulaiioo— from left 
ventricle to right auricle. Compare with Figure 4.15. 


system are plotted, it will be found that the second half of the curve 
is radically different from the curve of pressure. See Figure 4.18 and 
compare with Figure 4.15, page 130. 

The velocity of the blood in the arteries, but not in the veins, varies 
with the heart beat above and below a mean value. During the ejec- 
tion of blood from the ventricle, the velocity of the arterial blood 
rises to a maximum, but falls again when the heart pauses. The mini- 
mum value is reached just before the next heart beat. 


The Arterial Blood Pressure 

That the blood in the arteries is under a relatively high pressure was 
not demonstrated until about a century after Harvey’s discovery of 
the circulation. In 1733, an English clergyman, the Rev. Stephen 
Hales, inserted a small glass tube (called a cannula) into the artery 
of a horse’s thigh and connected it by means of Ihe windpipe (trachea) 
of a goose with a glass tube some 8 feet long. The long glass tube 
was placed vertically. The flexible trachea served the purpose of a 
rubber tube which would be used today, but had not then been in- 
vented. When the clamp, previously placed upon the artery, was re- 
leased, the blood rushed into the tubing and rose nearly to its upper 
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end. The height of the blood column was observed to fluctuate several 
centimeters with each beat of the heart. 

This method of measuring the blood pressure in animals has ob- 
vious disadvantages. In the 'first place, owing to the length of the 
tubing required, it is inconvenient. It is also inaccurate, since the 
blood which fills the long tube is out of circulation; the blood volume 
is correspondingly reduced, and the pressure as recorded is, in con- 
sequence, less than that which actually existed Finally, the experi- 
ment is soon interrupted by coagulation of the blood in the tubing. 
It was not until nearly another century had passed that an advance on 
Hales’ method was made. In 1828, the French physicist Poiseuille 
used a glass U tube filled with mercury for registering the pressure 
and an anticoagulant fluid to fill the tubing which connected the 
U tube (now usually referred to as a manometer) with the cannula 
in the artery. Since mercury is over thirteen times heavier than blood, 
the mercury rises only a few inches instead of several feet, as when 
the pressure was measured by the height of a column of blood itself. 
Before the clamp is released from the artery, the anticoagulant fluid 
is introduced under a pressure equivalent to what the blood pressure 
is expected to be. If the pressure of the fluid is adjusted so that it 
exactly equals the blood pressure, blood does not leave the arteiy, 
nor does an appreciable amount of anticoagulant enter the circula- 
tion. It has been customary ever since Poiseuille introduced the mer- 
curial manometer to express the blood pressure in millimeters of mer- 
cury (mm Hg). Some years later Ludwig, a German physiologist, 
improved the method by placing a float, fastened to a wire bearing 
a writing point, upon the mercury column. The height of the column 
of mercury and its fluctuations could in this way be recorded upon a 
writing surface — a revolving drum covered with smoked paper — and 
permanent tracings of the blood pressure secured. The instrument 
bearing the writing surface is run by clockwork, and is known as a 
kymograph. Figures 4.19 and 4.20 illustrate the manner in which 
the measurement and calculation of the blood pressure are made. 

The phases of (he arterial blood pressure. The maximum blood 
pressure of warm-blooded animals has a value of from 1 10 to 150 mm 
of mercury. Unlike certain other physiological functions (e.g., heart 
rate, output of the heart, basal metabolism, etc.), no relationship 
exists between the height of the blood pressure and an animal’s size. 
The blood pressure of the rat, for example, is about the same as that 
of man. The arterial blood pressure, like the velocity of the arterial 
blood, varies rhythmically with the beating of the heart, rising to a 
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Fig 4 19 Showing method of recording the blood pressure In animals 


maximum dunng the venlncular contraction (systole), when blood 
13 pumped into the arteries, but falling again when the venincle re- 
laxes (diastole) The pressure reaches its lowest level just before the 
next beat These variations arc shown in Figure 4 21, which is a 
blood pressure tracing obtained from the carotid artery of an animal 
by the method described above 

The maximum or systolic pressure m a young man has an average 
value under ordinary resting conditions of around 120 mm Hg It 
may be a hulc above this value or 10 mm Hg or so below, and still 
be considered within the normal range The mmimum or diastolic 
pressure under similar conditions is around 80 mm Hg The pul- 
sation in the arteries is due to the difference between these two 
pressures, and is therefore called the pulse pressure, it amounts to 
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WRITING POINT 




Fig 4 20 U tube of mercury enlarged to show more clearly Jhe manipulation 
of the manometer and the calculation of the blood pressure The spring clamps 
2 and 3 shown m Figure 4 19 are closed and clamp I has not been applied 
The mercury m both limbs of the U tube are therefore open to the atmosphere 
and at the same level indicating zero pressure (left hand sketch Fig 4 20) 
A base line at this level ts now mscnbed on (he rotating drum Clamp 1 is ap 
plied (right hand sketch Fig 4 19) clamp 2 is opened and the tubing up to 
the mercury column filed with an anticoagulant fluid from the bottle set at a 
suitable height (to give a pressure approximately equal to that of the blood) 
Clamp 1 IS released momentarily to permit the escape of air The mercury 
owing to the pressure of the anticoagulanl fluid is depressed m the right hand 
limb and rises in the limb containing (he float with the writing point When 
clamp 3 on the artery is now released the writing point may rise or fall a little 
depending upon how closely the animals blood pressure has been predicted 
Fluctuations due to the heart beat now appear m the tracing The height of the 
blood pressure is indicated by the distance in millimeters between A and B — ■ 
the levels of mercury in the two limbs of the U tube — or more conveniently 
by measuring with a millimeter rule and multiplying by two the d stance from 
the base line (zero pressure) on the drum and the blood pressure tracing 

(120 — 80 =) about 49 mm Hg The value obtained by dividing the 
sum of the values for the systolic and diastolic pressures by two is 
called the mean pressure Under resting conditions, therefore, the 
mean pressure amounts to 
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Fig 4 21 Tracing of rabbits 
blood pressure Left hard 
sketch the larger fluctuations 
jn blood pressure arc due to 
the respirations the smaller 
ones to the heart beats The 
tracing near the bottom of 
the figure is made by a time 
marker On the right a sec 
tion of the tracing is enlarged 
S = systolic pressure D = di 
astolic 


The flucluations in the blood pressure due to the contractions and 
relaxations of the ventricle occur so rapidly that a mercurial manom 
cter, owing to the inertia of the mercury, fails to follow them closely, 
always showing a lag The thrust given to the mercury by the systolic 
nse in blood pressure is of such short duration that the heavy liquid 
docs not reach the height which it would do were the pressure rise 
developed more gradually or sustained for a longer tune The systolic 
pressure as recorded by a mercury manometer is, in consequence, 
lower than the true value In Figure 4 21 for example, the fluctua 
lions due to the phases o! the heart’s action w’ould be more pro 
nouQced if the recording apparatus were lighter in weight and, there 



rig 4 22 Illustrating a nonmercunat (y^ of apparatus for recording 
blood pressure which obviates the inertia due to mercury 
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fore, showed less inertia. In animal 
experiments in which it is desired 
to show the true blood-pressure 
values or to reveal minor fluctua- 
tions on the main waves, apparatus 
of lighter weight is employed, the 
mercury being replaced by a lighter ^ 
liquid; or tubing and a tambour as 
shown in Figure 4 22 is used. The 
method of recording the blood , 
pressure in man (sec below), in 
which the larger artery of the arm 
is compressed by air pressure 
which is measured by the height of 
a column of mercury, avoids the 
error due to the inertia of the mer- 



cury. 

Tbe clinical measurement of the 
arterial blood pressure. The blood 
pressure is measured indirectly in 
the human subject by means of an 
instrument called a sphygmoma- 
nonieter ( see Fig. 4.23 ) . Tliis com- 
poses a flat rubber bag about S 
inches wide and 8 inches long, en- 
closed in an envelope of cotton 
cloth to prevent it from stretching 
under pressure. Two tubes, one 
connected to a manometer (mer- 
curial or aneroid) and the other to 
a small hand pump provided with 
valves, communicate with the in- 



Fig 4.23 Sketch illustrating the 
auscultatory method of determining 
the blood pressure in man. Below, 
drawing to illustrate the principle; 
cross section of the arm, with the 
armlet wrapped around It and con- 
nected with the manometer. 


terior of the bag. The cloth-covered bag, which is usually referred to 
as the cuff or armlet, is wrapped snugly around the arm above the 
elbow, the tails of the cloth being wound bandage fashion to hold it in 
position. The pressure within the bag is raised by a few compressions 
of the hand bulb until the pulse at the wrist disappears — that is, until 
the air pressure overcomes the blood pressure and occludes the main 
artery (brachial) of the arm. The observer listens with a stethoscope 
placed over the artery in front of the elbow just below the armlet, while 
he gradually reduces the pressure by opening the valve close to the 
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bulb As the air pressure falls and allows the blood to escape beneath 
the cuff and fill the artery below, faint tapping sounds synchronous 
with the heart beats are heard The reading of the manometer at which 
the sounds are first heard is taken as the systolic pressure The sounds 
become progressively louder as the air pressure is reduced further, then 
undergo a senes of changes in quality, and final!) disappear At a 
pressure level about 5 mm above that at which they disappear, the 
sounds acquire a soft mufiled quality, the manometer reading at which 
this occurs indicates the diastolic pressure 

The method of measunng the blood pressure jUst outlined is called 
the auscultatory method (L auscuUare, !o listen) It is the method 
most commonly practiced 

Blood pressure variations in health. The arterial blood pressure is 
influenced by a number of physiological conditions — age, sex, muscu 
lar exercise, emotion, digestion, and posture In the newborn baby, 
the systolic pressure averages 40 mm Hg, but reaches a value of 
around 80 mm Hg by the end of the first month It rises more gradu- 
ally throughout childhood attaining a level of about 100 mm by the 
twelfth year and 120 or so by the seventeenth It remains around 
the latter level for a varying number of years There is a tendency for 
the blood pressure to rise gradually after the twenty fifth year, the in- 
crease in systolic pressure averaging about 0 5 mm Hg per year For 
example a systolic blood pressure of 135 mm Hg or so, though normal 
for a man between 50 and 60 years of age, would be too high for one 
between 20 and 30 But no fixed rule can be stated with respect to 
the increase in blood pressure with advancing years It is questionable 
whether the tendency can be regarded as a physiological process, as 
IS generally supposed, it is by no means of general occurrence As 
compared with men of the same age, women usually have a somewhat 
lower blood pressure 

Muscular exercise causes a pronounced temporary rise in the blood 
pressure, the systolic pressure nsing during strenuous exertion to 180 
mm Hg or more, the diastolic pressure shows a smaller proportionate 
rise The pulse pressure is therefore, increased by exercise A change 
from a lying down to a standing position causes a rise in the diastolic, 
but little change as a rule m the systolic pressure, the pulse pressure 
IS therefore reduced 

Emotion (e g . fear worry, excitement, etc ) may cause a rise 
of several millimeters of mercury in the systolic pressure, the diastolic 
pressure is raised to a smaller extent During digestion a moderaie 
rise in the systolic pressure with little change in the diastolic occurs 
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A reduction of from 20 to 30 mm Hg in the systolic pressure occurs 
during restful sleep, but if the sleep is disturbed by exciting or terrify- 
ing dreams, the systolic pressure may be elevated to 180 or 200 
mm Hg. 

Arterial hypertension. A persistent elevation of the arterial blood 
pressure above the normal range is called arterial hypertension. The 
abnormally high pressure is due to spasm of the arterioles (i e., to an 
increase in the penpheral resistance, sec p. 146), The systolic pres- 
sure, in the most severe cases of the disease, may amount to 300 mm 
Hg, and the diastolic pressure to 150 mm Hg. The condition leads to 
serious consequences; it throws extra work upon the heart and sub- 
jects the arterial system to undue strain. Enlargement of the heart, 
followed eventually by cardiac failure, and deterioration of the arterial 
tissue (arteriosclerosis, p 144) result. Rupture of a diseased cerebral 
vessel may cause death; or death may result from the kidneys failing 
to perform their functions as a result of pathological changes in the 
renal vessels. There are two types of arterial hypertension. In one type, 
called primary or essential hypertension, the condition occurs un- 
preceded by kidney or any other disease. Essentia! hypertension, 
therefore, may cause, but is not itself the result of, kidney disease. In 
the other form, the hypertension is a consequence of chronic kidney 
disease (chronic Bright's disease, chronic nephritis). 

A few years ago, Dr. Goldblatt and his associates in Cleveland 
carried out an interesting and highly important series of experiments 
upon dogs, which has shed a light on (he origin of the type of arterial 
hypertension developing in the course of chronic renal disease. By 
means of a specially devised clamp, the renal artery to one kidney 
or to both was constricted and the renal blood flow thus reduced. 
When the renal artery of one side alone was narrowed in this manner, 
the blood pressure rose moderately but returned to normal again 
within a few weeks. When, however, the blood flow to both kidneys 
was reduced, or to one kidney only and the other kidney then re- 
moved, the blood pressure rose to a higher level and remained per- 
manently elevated. 

It has been shown that a reduction in the renal blood flow causes 
the production by the kidney of a chemical substance which, upon its 
discharge into the circulation, results in the constriction of the arteri- 
oles throughout the body. Such vascular constriction (see peripheral 
resistance, p. 146) is the direct and immediate cause of the hyperten- 
sion in the experimental animals. The substance formed by the kidney 
is known as renin; it has been demonstrated in the blood of animals 
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suffering from experimental hypertension, as well as m the blood of 
patients with the disease 

The constriction of the peripheral vessels m hypertension, result 
ing from clamping of the renal artery, is not caus^ directly by remn 
but by the production of another substance called angiotonm or 



hypertensm 4 24) Renin is an enzyme which acts upon a globu 
Iin of the plasma to produce the latter material — which is the active 
vasoconstrictor agent 

It IS strongly suspected that the hypertension occurring in renal 
disease is also due to the renin angiotonm mechanism as a result of 
some interference with the renal blood flow 
The possibility that essential hypertension is also due to some ab 
normality in the renal circulation has been investigated by a number 
of research workers, but definite evidence for such a connection has 
not been secured 

Arterial disease Almost from birth the fabnc of the arteries starts 
to deteriorate, imperceptibly m the earlier years, but often quite 
rapidly from middle age on Reduction of the elasticity of the ar 
terial walls is the first physical change to be detected The processes 
of degeneration vary, however, very greatly in different persons “A 
man is as old as his arteries’ a saying attributed to Osier, and which 
means that generally speaking the usual signs of old age and the de 
tenoration of the arteries go hand in hand 
There are two principal types of arterial disease In one form, the 
vessels become hard stiff and bnttle (arteriosclerosis), owing to 
atrophy of the muscular and elastic tissues and their replacement by 
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salts of lime. This change in the vascular wall permits the superficial 
vessels to be felt beneath the skin and to be rolled under an examiner’s 
finger. Such “pipe-stem” arteries as they are called are met with most 
frequently in old age. In another much more serious type of arterial 
disease, the endothelium (tunica intima) is primarily attacked. 
Patches of the endothelial lining break down and are replaced by a 
soft fatty material in which lime salts are later deposited. The patches 
tend to spread and strip up the inner coat, and even to invade the 
muscular coat. This type of arterial degeneration is called atheroma, 
atheromatosis, or atherosclerosis (Gk. athere, porridge + scleros, a 
hardening). It leads to weakening of the arterial wall, and is the cause 
of such vascular emergencies as cerebral hemorrhage (apople^) and 
coronary thrombosis. In the latter, the roughened inner surface by 
replacing the smooth endothelial lining has encouraged clotting within 
the vessel. This disease appears to be due to a disturbance in lipid 
metabolism. The atheromatous patches are composed of fats, choles- 
terol, phospholipids, and protein-lipid compounds (lipoproteins). 
Persons recovering from coronary thrombosis have an abnormally 
high concentration of plasma lipoproteins with a low density, and 
these, it is believed, are related to the atheromatous changes in the 
arterial walls These lipids are also in high concentration in the blood 
of persons showing other clear evidence of atheromatous disease, 
and their concentration in the plasma tends to rise with age. 

The cholesterol and other lipids of the blood are derived largely 
from the diet, and it would appear that m atheromatosis certain of 
these substances when in excess in the blood are-deposited in the ar- 
terial wall. It is advised, therefore, that obese persons and those with 
a high concentration of lipids in the blood, or who have a family his- 
tory of vascular disease should restrict their consumption of fatty ma- 
terials — eggs, cream, butter and other anunal fats. 

The factors responsible for the maintenance of the normal arterial 
blood pressure. The arterial blood pressure is the result of the dis- 
charge by the heart into the arterial system of a volume of blood which 
cannot all escape through the peripheral arterial vessels (arterioles) 
into the venous system (through the capillaries and veins) before the 
next heart beat occurs This means that the arterial system during 
life is at all times overfilled. The elastic arterial walls are therefore 
always more or less stretched. The height of the blood pressure is 
thus dependent upon two main factors — the output of the heart, and 
the caliber of the peripheral v«sels. These and other factors con- 
cerned are listed below and will be considered in some detail: 
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1. The cardiac oitiput — that is, the volume of blood discharged by 
the heart per ramute, 

2 The peripheral resistance, 

3. The total blood volume, 

4 The viscosity of the blood, 

5 The elasticity of the arterial nails 

TJie cardiac outpuL It has been mentioned that the cardiac output 
IS, as a rule, augmented by increasing both heart rate and the stroke 
volume, but that the extent to which each of these factors participates 
vanes The larger amount of blood discharged per minute into the 
arterial system can be accommodated within the arterial system only 
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Fig 4 25 Showing the elTects upon systolic, diastolic, aod pulse pres* 
sures of an increase m stroke volume, heart rate, and of penpheru re* 
SMiance (After Wiggers ) 


by further stretching of the arterial walls Both systolic and diastolic 
pressures rise, but both pressures are not necessarily raised to the same 
degree When the increase in cardiac output is the result mainly of an 
increase in the stroke volume, the systolic pressure rises to a greater 
extent than the diastolic, with a consequent increase in pulse pressure 
(Fig 4 25) If, on the other hand, the heart rate is markedly in- 
creased, the diastolic pressure tends to rise to a greater extent than 
tVkt systolic because, since tbe tune between beats is sheittned, the 
decline m pressure during the diastole of the heart is arrested at a 
higher level by the amval of the next beat The pulse pressure is there 
fore reduced 

The peripheral resistance This refers to the small vessels at the 
periphery — the arterioles and capillanes — but especially to the for- 
mer, which, as already mentioned, offer resistance to the passage of 
blood from the arterial system into the veins The arterioles and capil 
lanes are furnished with nerves through which their calibers may be 
altered from time to time 
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Consiriction of the peripheral vessels reduces, temporarily, the 
outflow from the arterial s)'stcm and, in accordance with the principle 
stated on page 127, a rise in arterial pressure occurs, provided the 
minute volume of the heart is not at the same time reduced. The arte- 
rial system must, therefore, contain more blood than formerly, and 
the arterial walls arc more forcibly stretched. The pressure rises to the 
point at which the quantity of blood leaving the arterial system again 
equals that w-hich is pumped mto it by the heart, after that, no further 
rise in pressure occurs. Opposite effects arc produced when the periph- 
eral vessels dilate. The pressure falls until the outflow from the arterial 
system again just balances the inflow The peripheral resistance may 
be compared to a dam in a river If the dam is raised or lowered, the 
water continues to rise or fall, respectively fthat is, its pressure in- 
creases or decreases), until it reaches the new level From then on, 
the quantity of water which overflows in a given time is the same as 
it was at the original lesel 

Variations in the caliber of the arterioles of the abdominal 
(splanchnic) region arc more effective than those of other vascular 
areas in causing changes in the blood pressure The splanchnic ves- 
sels, when fully dilated, have a relatively immense capacity — suffi- 
cient to accommodate almost the entire blood volume. Some sudden 
and strong emotion may cause their dilatation, when a fall m arterial 
pressure and loss of consciousness (fainting or syncope) may result. 
On the other hand, stimulating the great splanchnic nerve (the large 
nerve of the abdomen through which nervous impulses reach the 
vessels, p. 195) in an anesthetized animal, as by the application of an 
electric shock, causes constriction of the abdominal vessels and, in 
consequence, a pronounced rise in blood pressure. 

T/re blood volume. A sufficient volume of blood must be available 
to overfill the arterial system. That is to say, the arterial walls even at 
the lowest normal pressure (diastolic) are stretched. Any consid- 
erable reduction in blood volume, as by hemorrhage, causes the blood 
pressure to fall. Restoration of the blood volume by transfusion of 
blood or of a suitable blood substitute (p. 77) is followed by a rise 
in pressure. 

The viscosity of the blood. Viscosity may be defined simply as the 
“thickness” of a liquid or the resistance which a liquid offers to its 
movement through a narrow tube. The viscosity of a particular liquid 
is determined by measuring the time which it takes, when acted upon 
by a constant force, to pass through a given length of a capillary tube. 
The viscosity of water is taken as unity, and that of various other 
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liquids IS expressed relatively to that of water Thus, alcohol and ether 
are less viscous than water, while glycerine, oil, and syrup are much 
more viscous Blood itself is some five times more viscous than water 
We know that should two pfeton synnges be filled, one with a highly 
VISCOUS liquid, such as syrup, the other with water, a greater effort 
would be required to drive out the syrup than to drive out the water, 
and a higher pressure would be created m the first syringe than m 
the second The relatively high viscosity of blood increases the resist 
ance m the vascular system, if tends to impede the flow through the 
arterioles, and so to enhance the effect which these nanow vessels 
themselves have m maintaining the arterial pressure Variations in 
viscosity, therefore, have an effect upon the blood pressure similar to 
that caused by alterations in the caliber of the peripheral vessels The 
relatively high viscosity of blood js due to the plasma proteins, and, 
to an even greater extent, to the corpuscles The viscosity is lowered 
m conditions associated with low plasma protein concentration and 
in some anemias It is increased in conditions associated with a high 
corpuscular concentration or when as a result of the loss of blood 
water (anhydremia), the protein concentration of the blood is raised 
The elasticity of the arterial nails If the arteries possessed rigid 
and not elastic walls the systolic pressure would be higher, other 
things being equal but there would be no diastolic pressure That is 
to say, the arterial blood pressure would fall to ztro between the beats 
of the heart The absence of a rhythmical variation m the pressure — ■ 
that IS of a pulse — in the capillaries and veins is due, in turn, to the 
existence of a pressure m the arteries during diastole These facts are 
best illustrated by means of a model 

In Figure 4 26 is represented a bulb syringe, S, valved at A, and 
having a short tube, B which dips into a basin of water Leading from 
the opposite pole of the bulb is a longer tube, C If the bulb is alter- 
nately compressed and released, water will be drawn from the basin, 
and discharged from the mouth of the tube (Fig 4 26, 1) If the 
walls of the latter are composed of some rigid material (e g , glass), 
It will be found that when the pump is worked the fluid issues from 
the tube in spurts or jets synchronous with each stroke, but no flow 
occurs between the strokes An increase in the frequency or force of 
the strokes does not alter the intermittent character of the flow, nor 
does lengthening the tubing If the peripheral resistance of the vascular 
system IS imitated by attaching a nipple of small bore to the mouth 
of the delivery lube, thus increasing the resistance to the outflow of 
fluid, the issuing stream is finer and its velocity is increased, but it 
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Still remains intermittent (Fig. 4.26, 2). Now let the elasticity of the 
arterial wall be imitated by replacing the rigid tube, C, by one of rub- 
ber, but let the mouth of the tube be left free and not constricted in any 
way (Fig. 4.26, 3). The intermittent character of the flow from the 
tubing is unaffected. However, if the smalUbored nipple representing 
the peripheral resistance be fixed into the mouth of the elastic tubing, 
the issuing stream will be found to have lost its pulsatile character 
and to have become continuous (Fig. 4.26, 4). Two factors are there- 
fore necessary to produce a continuous outflow: (a) elastic tubing 



Fig 4 26 Diagram illustrating the dependence of diastolic pres- 
sure upon the arterial elastiaty and ^npheral resistance. (De> 
scnption m text.) 


and (b) resistance to the outflow. The reasons for this are clear. If 
the tubing is made of elastic material, its wall is distended by the 
force of the pump and energy is thus stored up which is expended 
between beats as the elastic wall recoils. (See Fig. 4.27.) Thus, the 
fluid is driven along the tube during the pauses of the pump. Never- 
theless, if the fluid can escape freely from the tube, the pressure does 
not rise to a sufficient height to distend the rubber wall — that is, 
elasticity is not called into play, overfilling of the tube does not occur, 
and, in consequence, the latter acts simply as though it were composed 
of rigid material. 

The foregoing facts apply directly to the arterial system. The elas- 
ticity of the vascular walls and the peripheral resistance are both essen- 
tial for the development of the diastolic pressure. As the contents of 
the ventricle are forced into the already overfilled arterial system dur- 
ing systole, the added pressure which is then exerted upon the vascular 
walls causes their further distension. After the completion of systole, 
the elastic walls rebound (recoil) and, pressing upon the blood within 
their embrace, force it onward through the peripheral vessels. In other 
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words, the arterial lumen returns to its previous diameter and the 
energy that had been stored up during the stretching of the elastic 
tissue is in this way gradually expended during diastole (Fig. 4.27). 

It may then be said that the elastic recoil of the arterial wall acts, 
in a sense, as a subsidiary pump to drive the blood onward in a coa- 
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Fig 4 27 Diagram to illustrate the storing of energy of the heart's contraction 
m the elastic arterial walls (at root of aorta) during systole and its release dur* 
mg diastole Small arrows indicate the direction of movement of the artenal 
walls and of the force exerted during the two phases. Large nirows indicate the 
direction of the blood flow. S S 5. semilunar (aortic) valves 

linuous stream between the heart beats. Otherwise the pressure would 
fall to zero after each systole. 

Interaction between the several factors maintaining the blood pres- 
sure. In health, the several factors mentioned in the foregoing para- 
graphs interact with one another to maintain the blood pressure at a 
fairly constant level. When a change occurs in one factor which, act- 
ing alone, would raise or lower the pressure, a compensating reaction 
of a reflex nature occurs which tends to offset its effects.'For example, 
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a moderate reduction in the cardiac output or in blood volume (as 
through hemorrhage) is not necessarily followed by a fall in blood 
pressure, since reflex narrowing of the calibers of the small vessels 
occurs: that is, the peripheral resistance is increased. Again, dilatation 
of the arterioles in one regiofU which of itself would, lower the blood 
pressure, is balanced by constriction of the minute vessels in another 
(Lov^n reflex). Also, increased blood volume or a rise in blood viscos- 
ity, which alone would cause an elevation of the blood pressure, is 
counteracted by vasodilatation. (See also pp. 196 and 197.) 

Capillary and Venous Pressures 

It has been mentioned that, except for the sharp drop which occurs in 
the region of the arterioles, the blood pressure falls in a gradual slope 
from the left to the right side of the heart (see Fig. 4.15, p 130). The 
pressure is about 30"mm Hg at the arterial end of the capillary and 
about 12 mm at the venous end The pressure of blood in the great 
veins is low (although the velocity is relatively high) and at the en- 
trance of these vessels into the right auricle is only some 5 mm HjO. 
In other words, the energy of the cardiac contraction has been almost 
entirely expended in overcoming the resistance offered to the flow of 
blood through the vascular system 
The venous pressure may he measured in man by an indirect 
method based upon the same principle as that employed for the meas- 
urement of the arterial blood pressure, but water or saline is used in 
the manometer for, owing to the low pressure to be measured, mer- 
cury, which is some thirteen times heavier than these liquids, would 
show a scarcely measurable change in level A vein is selected upon 
the back of the hand and a small chamber with a transparent top is 
hermetically sealed by means cf a special cement to the overlying skin 
(Fig. 4.28). The chamber is provided with two tubes, one of which is 
connected to a water manometer, the other to a hand bulb. The pres- 
sure within the chamber is raised by a few compressions of the bulb 
until the vein is seen to collapse. The pressure, which at this point 
just balances the pressure in the vein, is read from the manometer. 
While the measurement is beitig made, the vein under observation 

mustbebioughtto the level of the tight auricle; otherwise, hydro- 
static pressure of the venous blood— that is, the weight of the blood 
column extending from the vein level to the auricle— would be added 
to the pressure due to contraction of the left ventricle. 
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Eg. 4 28 Meajurezncat of the 
venous blood pressure The small 
chamber with transparent top (A) 
IS cemented to the skin over a su- 
perficial vem The pressure within 
the chamber is raised by means of 
the pressure-bulb arrangement B. 
C, D, until the vein collapses E, 
manometer (After Hooker and 
Eyster.) 


The pressure of blood in the pcnpheral veins, such as those of the 
limbs, amounts to from 60 to 100 inm H.O, it falls progressively 
through the larger veins to the right auricle (See Fig. 4.15, p. 130.) 


The Effect of Gravity 
upon the Circulation 

When the human subject assumes the erect posture, the blood pres- 
sure in the arteries of the head and arms is not reduced; as stated on 
page 142, the diastolic pressure actually rises This is so, even though 
the subject makes no effort, but is tilted on a moveable table from 
the horizontal to the upright position. If a fall in blood pressure of 
sufficient magnitude to deprive the brain of an adequate supply of 
blood occurred when the body changed from the recumbent to the 
standing position, fainting would result. Now, in order to maintain 



EFFECT OF GRAVITY ON CIRCULATION 153 

the blood pressure, the heart pump must receive an adequate supply 
of blood. The question then arises, “How, when the body is standing, 
is the blood conveyed against gravity up the great veins to the heart?” 
The factors concerned are four in number: 

1. The contraction of the left ventricle. This vis a tergo (force 
from behind), as it is termed, drives the blood through the arterioles 
and capillaries and along the veins to the right side of the heart. 

2. The respiratory movements. The pressure within the thorax (see 
intrathoracic pressure, p. 232) is always a little below that of the at- 
mosphere. This “negative” pressure, which is exerted upon the blood 
through the ihin-walled auricle and venae cavae, fluctuates with the 
respiratory movements, being increased (i.e., becoming more nega- 
tive) during inspiration, when it amounts to about —6 mm Hg, and 
decreased during expiration to about —2.5 mm Hg. The intrathoracic 
pressure thus exerts a suction effect or pull (vis a fronte) upon the 
column of blood in the large veins of the abdomen. 

The blood is also forced upward during inspiration, for when the 
diaphragm descends it increases the intra-abdomioal pressure. The in- 
creased pressure is transmitted to the blood in the veins; since the 
blood is prevented by the presence of valves in the large veins of the 
lower limbs from passing downward, it is propelled upward. The re- 
spiratory movements thus act both as a force pump and as a suction 
pump to move the venous blood toward the heart. 

The effect of the respiratory movements upon the flow of blood to 
the heart is especially important during muscular exercise when the 
excursions of the chest are deep and rapid. 

3. The abdominal and limb muscles. When one is standing, the ab- 
dominal muscles contract and offer a firm support for the large veins 
of the abdomen The venous walls are prevented from becoming over- 
distended under the weight of the blood which they contain. If the 
walls of the veins stretched and so increased their capacity, a larger 
mass of blood would be accommodated in the large veins of the abdo- 
men, and the flow to the heart correspondingly reduced. 

The muscles of the limbs perform a similar duty for the limb veins. 
Furthermore, they exert, during muscular movements, a varying pres- 
sure or massaging action upon the veins. By virtue of the valves in the 
veins (Fig. 4.11, p. 125), any pressure upon the column of venous 
blood is converted into an upward propulsive movement. 

4. Constriction of the vessels of fte splanchnic area. Through the 
action of the vascular nerves (p. 195), the small vessels — arterioles, 
capillaries, and small veins — in the abdomen undergo a reduction in 
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caliber, and so in capacity Thus, blood which otherwise would col 
lect in these areas when the erect posture is assumed, is directed up 
ward into the large venous trunks 

In quadrupeds the mechanisms for raising the blood against gravity 
are much less efficient than they are in man or in the apes The dog 
however, is able to compensate fairly well for the gravity effect, but 
the domestic rabbit may become unconscious or even die, if held up 
by the ears for any considerable length of time This result is due to 
the heart being inadequately supplied with blood which owing to the 
flabbiness of the abdominal muscles of the tame rabbit collects in the 
large veins Sheep also not infrequently become unconscious if held 
in a vertical position during shearing Fainting {syncope) in the 
human subject is in most instances due, not to any affection of the 
heart itself but to reduction of the venous flow to its chambers for 
if the left ventricle does not receive an adequate supply of blood the 
blood pressure in -the vessels of the brain is not sustained, and the con 
sciQus centers suffer from lack of oxygen Fatigue or some strong 
emotion such as fear or shock may, by mducmg splanchnic vasodila 
tation and imperfect cardiac filling cause loss of consciousness But a 
factor probably of much greater importance than splanchnic vasodila 
tation IS the widespread dilatation of the blood vessels m the muscles 
that occurs m most cases of fainting 

A person who stands quietly for some time — a soldier standing at 
attention on parade for example — may fall in a faint because the 
venous flow is unaided by muscular movement Such a result is the 
more likely to occur if he is fatigued or if the day is hot and the 
vessels of the skin are therefore dilated The treatment of a subject 
in a faint is simple he is laid in the horizontal position the effect of 
gravity upon the circulation being thus abolished He should not be 
supported m the sitting position As a matter of fact, the subject of a 
faint usually does the right thing himself — he falls to the ground 
Pressure may be applied to the abdomen m order to force blood along 
the veins to the heart but such a procedure is usually unnecessary 


The Effects of Acceleration 
upon the Circulation 

A constant speed however great has in itself no effect upon the ciicu 
lation but acceleration— that is, a change in velocity cither in the 
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line of motion (linear acceleration) or in a change in direction, as 
when a body traveling along a straight course turns into a curvilinear 
one (centripetal acceleration ) — may cause profound circulatory 
effects Such effects not uncommonly result from the sudden and 
pronounced changes in direction entailed in military flying For ex- 
ample, a pilot pulling out of a power dive — i e , changing direction at 
high velocity from a downward to a horizontal and upward movement 
— has his bead directed inward toward the center of a circular course 
and the lower part of his body directed outward His blood, as a re 
suit of centrifugal force, is therefore “forced ' away from the head into 
the lower part of the body The high pressure of blood in the capil- 
laries in the skin of the lower limbs may result m small cutaneous 
hemorrhages The return of venous blood to the heart is reduced, with 
a consequent fall in the blood pressure in the cerebral and retinal 
vessels Vision is temporarily lost and the pilot may become uncon- 
scious Such effects are commonly referred to m the flier’s parlance as 
* blackout " The abdominal organs may also be forced downward and 
drawing upon the diaphragm embarrass respiration Any maneuver 
in which the head is directed outward — ^thai is, toward the circum 
ference of the circular movement— causes the reverse effect upon the 
circulation The blood is now “forced toward the head The vessels 
of the head and neck become engorged and severe throbbing pain in 
the head is experienced The eyes feel as if they were being forced 
from their sockets There may be mental confusion Rupture of a 
cerebral or retinal vessel may result 

The force exerted upon the body is expressed in units of gravita 
tional force and designated -bG or — G, according to whether the 
acceleration is positive or negative, that is, according to whether the 
blood IS driven away from or toward the head, respectively A force 
twice that of gravity is referred to as 2 Gs, one three times gravity, as 
3 Gs, and so on Persons vary with respect to the centrifugal force 
which they can withstand before “blackout” occurs The limit for 
most pilots IS between 5 and 6 Gs (+) Dunne World War II, double- 
walled suits were fashioned which were worn by fighting airmen in 
order to prevent ‘ blackout” effects Air under pressure, or water be 
tween the two layers of the suit, by affonling support to the tissues of 
the lower part of the body, prevented the distension of the vessels and 
the pooling of blood in this region Thus the vital centers of the brain 
were assured of an adequate supply of blood 
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The Arferial Pulse 

The pulse in the arteries is due, of course, to the beat of the heart. 
Though all arteries, large and small, pulsate, the pulse is felt most 
conveniently by placing the finger upon the radial artery, which lies 
near the outer border of the palmar aspect of the wrist. In health, the 
rate of the pulse, when the body is at rest or engaged in some light 
occupation, is around 70 per minute. The pulse is a pressure change 
transmitted as a wave through the arterial wall and blood column to 
the periphery. Tliough caused by the discharge of blood into the 
arterial system, it is in the nature of a transmitted impact, and is not 
due to the passage of the ejected blood itself. For example, when one 
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Fi|. 4.29 Showing successive 
sieges ui the irammissioa of a 
pube io a L'gated artery. 


places a finger upon the artery at the wrist, the pulse beat which is 
felt is not due to the arrival of blood which has been discharged an 
instant before from the left ventricle into the arterial system, but is 
due rather to the shock or impact given to the resilient arterial walls 
by the sudden entrance of that blood into the aorta. The wave thus 
set up in the wall of the aorta and in the column of blood therein 
travels from ten to fifteen times more rapidly than docs the blood 
itself, and quite independently of it. The blood, as we have seen, has 
a velocity of around half a meter per second in the aorta, and less 
than that in the smaller arteries. The speed of the pulse wave is from 
5 to 8 meters per second, and is practically the same" throughout the 
arterial tree. Tbat the pulse travels quite independently of the blood 
flow is evident from the observation that in an artery which has been 
tied across so that no blood flows through it, the pulse is not abolished, 
but travels in the usual manner up to the point of occlusion (Fig. 
4.29). 

The velocity of transmission of the pulse wave is dependent upon 
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the character of the arterial wall. Were arteries made of unyielding 
material (e.g., glass), they and the incompressible blood within them 
would constitute a rigid system and, therefore, transmit an impact al- 
most instantaneously from end to end. The arteries are, however, 
elastic and, in consequence, transmit a shock applied to their walls 
much more slowly. 

The arteries become less resilient with age and the speed of the 
pulse wave therefore increases. At 5 years of age, for example, the 
velocity of the pulse wave is around 5 meters per second, whereas at 
the age of 80 it is in the neighborhood of 8 meters per second. In 
arteriosclerosis, in which condition the arteries are abnormally rigid, 
the pulse wave has a still higher velocity The speed of the pulse wave 
can be measured by placing two levers, one upon an artery near the 
heart, the other near the periphery, and timing the arrival of the pulse 
at the two points. This distance between the two points is then meas- 
ured. The distance (in millimeters) divided by the time (in seconds) 
which the pulse wave has taken to pass between the two points will 
give the velocity (in millimeters per second). 


Thus, ^ K where D = distance in millimeters, T - time in seconds 
and V « velocity in millimeters per second. 

The instrument employed for obtaining a graphic record (tracing) 
of the pulse wave is called a sphygmograph (see Figs. 4.30 and 4.3 1 ) . 
The upstroke of the curve drawn by this instrument during the passage 


Fig. 4 30 Upper draw- 
ing, Dudgeon’s sphyg- 
mograph in position. 
Loner, diagram of mech- 
anism. Cl., clockwork 
driving the smoked pa- 
per, Tr., under the writ- 
ing point of the level, L. 
Sp. IS a steel spring with 
a button, 6, which is ap- 
plied over the radial ar- 
tery. With each expan- 
sion of the artery, the 
button is moved upwards 
and causes a movement 
of the system of levers as 
indicated by the arrows. 
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of the pulse wave is abrupt and is called the anacrouc limb (Gk ana, 
up -f- crotos pulse) The downstroke has a more gradual inclination 
and IS called the catacrotic limb (Gk caia down) The catacrotic 
limb shows a short distance from the peak, of the primary wave, a sec 
ondary elevation known as the dtcrouc wave, which is immediately 
preceded by a slight negative fluctuation called the dtcrouc notch 
The latter is due to the slight backward movement (i e , toward the 
heart) of the blood column in the artery, when the ventncle com 
mences to relax The dicrotic wave is caused by the checking of this 
backward movement of the blood column and its rebound from the 


aortic valves which coming into accurate apposition at the end of 
. - K ventricular systole (see p 170), 

l\f\ /v-. /V\ /V» prevent the leakage of blood into 

7 Ny x/ \/ Vy the relaxing ventricle When the 
aortic valves are removed, or 
ng 4 31 Tracing of radial pulse back with Wires to pre 

J anacrotic limb 2, dicrotic wave . . • . 

3 dicrotic notch Iheir dosing the dicrotic 

wave IS not seen In normal cir 


cumstances dicrotic fluctuations can be revealed only by means of 
some graphic method of recording they cannot be felt by the finger 
placed upon the pulse In certain conditions however, m which the 
blood pressure is abnormally low and the arterial wall, m consequence, 
less tense, the dicrotic wave may be felt as a distinct tap following 
the main wave A pulse of (his character — the so called dtcrouc pulse 
— IS not uncommonly present m typhoid fever 

It should be mentioned that the height of the pulse tracing gives no 
indication of the height of the systolic blood pressure Nor does the 
pulse wave as traced by the sphygmogiaph give any indication of the 
length of the pulse wave itself The pulse wave in the arterial system 
IS actually a long swell measunng from 5 to 6 meters (16 to 20 feet), 
that iS, It ts several times longer than the artenal system itself 


The Structure and Physiological 
Properties of Cardiac Muscle 

The fibers of heart muscle possess cross stnations, but these are less 
well marked than those of skeletal muscle Unlike the cells of skeletal 
muscle the cardiac fibers have no sarcolemma separating or insulat 
mg one fiber from another On the contrary, they give rise to branched 
processes — slips or bridges — which join neighboring fibers and thus 
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establish continuity between 
them. The heart muscle is there- 
fore in reality a syncytium; that 
is, a large multinucleated mass 
of protoplasm rather than, like 
skeletal muscle, a number of 
separate units bound together 
(see Fig. 4.32). 

The physiology of cardiac 
muscle will be taken up under 
the following heads: (1) ex‘ 
citabiliiy and contractility, (2) 
rhyihmicity, (3) conductivity. 

1. Excitability and contrac* 
tilily. Heart muscle responds by 
a contraction of its 6bers to the 
various types of stimulus — ther- 
mal, chemical, mechanical, or 
electrical — which excite skeletal 
muscle. Its response follows the 
"all-or^none" law or principle. 
This law, which also applies to 
the conduction of the nerve im- 
pulse (p. 471) and to the con- 
traction of an isolated fiber of 


skeletal muscle (p. 488), states that a stimulus, if it produces a re- 
sponse at all, will produce the maxunura response of which the tissue 
IS capable under the conditions existing at the moment. That is to say, 
increasing the strength of a stimulus above that which is just necessary 
to excite the heart muscle (threshold strength) does not increase the 
force of its contraction. 



Hg 4.33 Record of a series of contraction of frog’s heart caused by electric 
stimulaUon of the ventricle. The ventricle was rendered quiescent by drawing 
a tight ligature (Stannius* ligature) between the auricles and the ventncles. 
Tracings taken on a rapidly moving surface. First contraction (1) the lowest, 
last contraction (10) the highest (After Halliburton.) 
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Treppe When the heart muscle is stimulated at regular intervals, 
the first few contractions increase progressuely m amplitude From 
the appearance given to the tracing by the initial contractions (Fig 
4 33), this behavior is referred to as treppe or the staircase phenom- 
enon It IS probably due to the beneficial effect exerted upon one con 
traction by the nse in temperature and the acid metabolites (carbon 
dioxide and lactic acid) produced during the contraction or contrac 
tions which have preceded The phenomenon of treppe does not, as 
may at first appear, contradict the “all or none” law, for the condi 
tions m the muscle — that is, a rise m the temperature and acidity — 
have been altered by the initial contractions 

Refractory periods Heart muscle will not respond to a stimulus 
while It IS contracting, in this it differs from skeletal muscle (p 488) 
This time, dunng which the cardiac muscle is unresponsive to stimu- 
lation IS called the absolute refractory period The absolute refractory 
period of heart muscle IS therefore of the same duration as the penod 
of contraction The absolute refractory penod is followed by one m 
which the muscle gradually recovers its excitability At the beginning 
of the latter — that is at the commencement of cardiac relaxation — 
Q stronger stimulus is required for excitation, and the force of the con 
traction which results is less than the normal Excitability increases 
progressively and reaches its full value only when relaxation is com 
plete This phase of depressed but gradually increasing excitability is 
called the relatively refractory penod 

2. RhyUimicity. This is an outstanding characteristic of the heart 
The heart of the frog will contract spontaneously and rhythmically 
for a considerable length of time after its removal from the body, if 
simply kept moist with physiological saline (0 6 percent solution of 
sodium chloride) The rhythmicily is also an inherent property of the 
mammalian heart, it occurs quite independently of the central nervous 
system (see perfusion of the heart p 162) 

When the heart of an animal is stimulated by an electric shock or a 
senes of such shocks, the rhythm may be disturbed (made irregular or 
more rapid) but it will not, as will skeletal muscle (p 489), give a 
sustained (tetanic) contraction The cadiac contractions are always 
intermittent Summation of contractions and tetanus cannot take 
place m heart muscle This fact is dependent upon the absolute re 
fractory period and ensures a pause between contractions, an essen 
tial requirement in order that the heart can perform its pumphke func 
lion The heart muscle must first cease to contract and recover at least 
part of Its excitability before another contraction can be evoked 
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Extrasystoles or premature beats of the verjtricle. If, when the 
heart is beating naturally, the ventricle b stimulated during its relaxa- 
tion phase, a contraction occurs which varies directly in strength with 
the excitability of the muscle; thb, as just mentioned, rises progres- 
sively throughout the relative refractory period. The maximal response 
b therefore obtained at the end of the latter. The response caused by 
the artificial stimulus b called a premature beat or extrasystole. Pre- 
mature beab occur in the human heart as a result of some abnormal 
stimulation (p. 184), such as by some chemical agent carried in the 

Fig. 4.34 Extrasystoles Record of con- 
tractions of frog’s ventricles Upper row of 
arrows and dotted lines indicate the arrival 
of the auricular impulse in the ventricular 
muscle. Slantmg arrows in this and succeed- 
ing tracings indicate the application of the 
artificial stimulus. In tracings 1, 2, and 3, 
the artificial stimulus is applied during the 
contraction of the muscle, and is therefore 
ineffective (absolute refractory period). In 
4, 5, and 6, the stimulus falls in the relative 
refractory penod and gives nse to an extra- 
systole, Its amplitude being greater the later 
in the relaxation phase that the stimulus 
is applied. A long pause follows the extra- 
systole because the auricular impulse reaches 
the ventricular muscle during (be refractory 
phase, and is therefore ineffective. E =» ex- 
trasystole. 

blood stream. The excessive use of tobacco is not infrequently a cause. 
An unusually long resting interval known as the compensatory pause 
follows the extrasystole (see Fig. 4.34). The pause b caused in the 
following way. The impulses causing the normal heart beat originate 
at regular intervals in the upper part of the right auricle and, spread- 
ing downward, excite the rest of the heart. When an extrasystole of 
the ventricle occurs, the next regular impulse from the auricle usually 
reaches the ventricle while it b absolutely refractory — that is, while it 
is still in the contracted state as a result of the abnormal stimulus. The 
muscle therefore fails to respond. Not until the next normal impulse 
arrives b the heart capable of contracting. 

3. Conductivity. We have seen that, as a result of the fusion of 
branches or slips of one fiber with those of its neighbors, the heart 
muscle is a continuous protoplasmic mass. When, therefore, one part 
of the muscle b stimulated, the excitatory process spreads without 
interruption to all its parts. In the mammalian heart, the property of 
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rapid conduction has been developed to a very high degree m a sys- 
tem of specialized tissue m the intenor of the heart This system will 
be dealt with shortly (p 165) 


Perfusion of the Excised Heart 

Under appropnate conditions the excised mammalian heart will con- 
tinue to beat for several hours Even the human heart has been re- 
vived after death, and made to beat rhythmically for a time after its 
removal from the body 

In the perfusion of the excised heart, a fluid resembling the plasma, 
in so far as its inorganic constituents are concerned, must be em- 
ployed The perfusion fluid should be delivered under pressure to the 
blood vessels of the heart (coronary system, p 204) m order that it 
shall reach all parts of the cardiac muscle, the temperature of the fluid 
should be that of a warm blooded animal, namely, about 98 6® F 
The perfusion is performed m the following way A cannula is tied 
into the aorta and connected by rubber tubing to a reservoir filled with 
the perfusion fluid and placed at a height of about 5 feet above the 
level of the heart, the fluid is thus driven into the coronary arteries 
which arise from the root of the aorta just beyond the semilunar 
valves The aortic valves are closed by the pressure of the fluid so 
that none enters the ventricle directly After passing through the coro- 
nary system (arteries, arterioles, capillaries, and veins), the fluid 
enters the chambers of the heart from which it is allowed to escape 
through knife cuts made in the walls of the ventricles (see Fig 4 35) 

The heart muscle must be supplied with oxygen This is accom 
plished by bubbling oxygen or simply air through the fluid in the 
reservoir 

It IS of the utmost importance that the perfusion fluid contains the 
three inorganic cations Na'^, Ca"*^, and K'*’, in properly balanced pro- 
portions This fundamental fact was first demonstrated many years 
ago by Sidney Ringer an English philologist (see Fig 4 36) Ex- 
perimenting with the excised frog’s heart, he found that the heart beat 
could be maintained for a short time only, when physiological saline 
(0 6 percent sodium chloride solution) was used The addition of a 
very small amount of cilcium restored the beat, but the pauses be- 
tween beats (diastolic periods) became shorter and shorter, and the 
heart came to a standstill in a firmly contracted state, this condition 
is called calcium rigor When potassium instead of calcium was added 
to the physiological salmc, the diastolic periods became progressively 
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longer, and the heart ceased to beat in a 
fully relaxed state (diastole). This effect is 
referred to as potassium inhibition. A fluid 
prepared to contain sodium, calcium, and 
potassium chloride in suitable proportions 
(sodium chloride 0.6 percent for the frog 
heart or around 0.9 percent for the mam- 
malian heart, with the other salts in the 
proportions shown in Table 4-1 ) will sus- 
tain the beat for long periods. This is 
known as Ringer’s solution. If the perfu- 
sion fluid contains calcium in excess, the 
effect is the same as if it contained calcium 
in normal concentration but lacked potas- 
sium; calcium rigor ensues. On the other 
hand, when potassium is in excess the ef- 
fect is the same as when calcium is lacking 
and potassium present in the correct con- 
centration: potassium inhibition is in- 
duced. The effects of these two cations 
upon the action of the heart muscle are 
therefore antagonistic, one favoring con- 
traction, the other relaxation. Only when 
they are present in balanced proportions, 
as in blood plasma, can the normal rhythm 


RINGERS 

SOLUTION 



of the heart be sustained. Fig. 4.35 Showing appa- 

The reaction of the perfusion fluid is ratus for the perfusion of 
also of prime importance. The optimum isolated mammalian 

reaction is around a pH of 7.4. If the fluid Rmger’s solution to the 
is too alkaline, an effect is produced upon heart The lower end of 

the heart resembling that of an excess of ‘he 

, . -f at , j . a .. aorta so that fluid is dis- 

calcium; if the hydrogen ion concentration the coro- 

is too high. It induces an effect similar to nary circulation to all parts 
that caused by an excess of potassium. ‘he cardiac muscle. B. 

Locke-s solufion and Tyroi^s soMon 
are modifications of Ringer’s original fluid, culaics. C, thermometer. 
They contain glucose, added for the pur- 
pose of furnishing fuel for the heart mus- 
cle, and sodium bicarbonate (0.02 percent) which maintains the fluid 
at optimum hydrogen ion concentration. Tyrode’s solution contains. 
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havior normal in character (kindnesa of Dr. K. G. Watkm). 


as ^ ell as bicarbonate, the phosphate buffers — disodium and mono- 
sodium phosphates (Na.HPOd and NaH,PO.). See Table 4-1. 
fia 9^*^® recently it had been thought that glucose constituted 
me chief fuel of cardiac muscle. It now appears that the heart uses 
g ucose to a minor extent, its main fuel is lactic acid Lactic acid is 
muscular contraction from the breakdown of glycogen 
\ ^rom glucose in the blood, and in the lungs 

at al times. The lactic acid so produced is utilized by the heart 
muwle to furnish energy for its contraction. 

^ e hearts of lower orders, such as frog, are not provided with a 
social circulating system (coronary system) as is the heart of man or 
other mammals The frog's heart will therefore conUnue to beat for 
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Table 44 

Percentage composition of Ringer's, Locke's, and Tyrode's 
solutions, used in perfusion of the mammalian heart 



Ringer’s 

Locke’s 

Tyrode’s 


solution 

solution 

solution 

Sodium chloride 

0.900 

0 900 

0.80 

Potassium chloride 

0040 

0.042 

0.02 

Calcium chloride 

0.025 

0 024 

0.02 

Magnesium chloride 

— 

— 

0.01 

Sodium bicarbonate 

0.020 

0.020 

0 10 

Monosodium phosphate 

0001 

— 

0.005 

Glucose 

— 

0.10 

0.10 


some time if simply immersed in Ringer’s or other physiological 
solution. 

The Origin and Conduction 
of the Heartbeat 

In the slowly beating heart of the frog, each beat may be seen to arise 
at the junction of the great veins with the sinus venosus — a chamber 
situated between these veins and the right auricle (see Fig. 4.37). 
The sinus venosus is present in the mammalian embryo but disappears 
during development. In the heart of the frog or the turtle, the beat 
spreads from the sinus venosus through the muscle of the auricles and 
ventricles When a ligature is drawn tightly around the frog’s heart at 
the junction of the smus with the auricle (called the 1st Stannius liga- 
ture ) , or at any lower level, the impulse through the muscle is blocked 
and the heart below the block, ceases for a time to beat. In the adnlt 
mammalian heart, a ring of fibrous tissue is interposed between the 
auricles and the ventricles; the beat therefore cannot be transmitted 
from the upper to the lower cardiac chambers by the ordinary muscu- 
lar tissue of the heart. But a system of specialized tissue — the junc- 
tional or nodal tissues — has been developed in the mammalian heart, 
which possesses the property of rhythmical impulse formation and 
conductivity to a higher degree than does the muscle composing the 
auricular and ventricular walls. The beat is generated in a small mass 
of tissue belonging to this system, situated in the wall of the right auri- 
cle near its junction with the superior vena cava. This circumscribed 
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node, the puriciih- (atrio ) ventricular bundle and the Purkmie net' 
work 

The aunculoventucubr node lies m the lov,er part of the mter- 
auncular system It is composed of tissue similar to that of the smo> 
auricular node The auriculovcntncular bundle anses from the au 
nculoventricular node and, after descending for a short distance, 
divides into two branches— one to each ventricle Each branch de- 
scends beneath the endocardium covenng the interventricular septum 
and, after giving off twigs to the papiJJaiy muscles, breaks up into a 
rich network of fine filaments — the Purkinjc network — ^which is con- 
tinued, beneath the endocardium of the ventricular wall to the base of 
the ventncles 

The muscle fibers composing the strands of the Purkinje network 
are of essentially the same character as those forming the rest of the 
)uncuonal tissues like the latter, they contain a relatively large 
quantity of sarcoplasm but few myofibnls They are, however, of 
much larger diameter than the fibers of the S*A and A-V nodes and 
the A V bundle They merge with the muscle fibers forming the ven 
tncular walls and through them the excitation wave or impulse to 
contract is carried to the latter 

The impulses are discharged rhythmically from the S A node, and 
conducted at a uniform rale through the fibers of the auncular muscle 
The impulse is then picked up by the A-V node, and conducted to the 
ventricular muscle by the bundle and its ramifications Each part of 
the muscle of the ventricle is excited when the impulse arrives at the 
part of the Purkinje system immediately underlying it The impulse, 
normally is not conducted from point to point m the ventricle through 
muscular tissue, but follows this specialized pathway Every muscle 
fiber of the ventricle is believed to receive a filament of the Purkinje 
network The rate of conduction through ventricular muscle (which 
may in certain abnormal conditions conduct the impulses) is around 
500 mm per second, whereas the rate through the specialized tissue is 
about 5000 mm per second 

The junctional or nodal tissues of the heart may be compared to a 
radio system, the S A node to the broadcasting station, and the A*V 
node to a receiving center which, after picking up the message, trans- 
mits It by a telephonic system In the heart, the bundle and its 
branches and the terminal network of Purkinje correspond to the 
telephone wires 

It should be noted that the S A and A-V nodes are not connected 
by a tract of specialized tissue, the impulse in this part of its course is 
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conducted solely through the ordinary auricular muscle. Also, the 
A-V bundle is the only pathway along which the impulse can reach 
the ventricles, for all other tissue in the mammalian heart joining the 
auricles and ventricles is of a ^brous nature and incapable of con- 
ducting an impulse. This slender strand of tissue is therefore a very 
important and vulnerable point in the conducting system of the heart. 
It is a “bottleneck” which the impulses must traverse. If interrupted, 
either experimentally in animals or by disease in man, the path of the 
impulse from auricle to ventricle is completely and permanently 
blocked.® The ventricle does not, however, cease to beat; for the spe- 
cialized tissue below the block also possesses, though to a less degree 
than does the S-A node or the A-V node, the power of generating 
rhythmical impulses. The ventncular muscle excited by impulses 
arising below the block then beats at the relatively slow rate of about 
35 per minute. The auricle being still under the control of the S-A 
node beats at the usual rate of 70 per minute. This dissociation of the 
rhythms of the auricles and ventricles, which follows interruption of 
the A-V bundle above its point of division into the two main branches, 
is called complete heart block or auriculoventricular block (see 
p. 183). 

In other instances one or other branch of the A-V bundle may be 
Interrupted by disease. The defect in conduction caused in this way 
is called bundle branch block or intraventricular block. 


The Action of the Heart, 
the Cardiac Cycle 

The action or beat of the heart consists of a succession of events which 
follow one another with great rapidity. It Is therefore impossible, ex- 
cept by the use of special apparatus and improved methods, to analyze 
the beat into its different components. Starting with any given event 
in cardiac action (e.g., contraction of the auricle or of the ventricle), 
the series of changes which takes place in the heart until the first- 
noted event is repeated, is called a cardiac cycle. The cardiac cycle in 
the human subject, when the heart is beating at the usual rate of about 
70 per minute, is f (0.85) second. It is shorter than this, of course, 
when the heart rate is more rapid. Contraction of the auricular or of 

« The most common condition affecting the A-V bundle is gradual hardening and 
narrowing of the coronary aitenes wbkh, by interfering with the blood supply to this 
vital tissue, convert it to a fibrous (nonconducting) structure. 
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Ftg. 4.40 Intraventricular, Intra-aortic and intra*auricular pressure curves from 
heart of dog together »7th an electrocardiogram The verttcal lines pass through 
synchronous points in the four curves. Between the closure of the aurieuloven* 
tncular valves and the opening of (he aortic valves is the isometric period of con* 
traction From the opening of the aortic valves to the closure of these valves js 
the period of ejection, and from the latter event to the opening of the A«V valves 
IS the penod of isomeinc relaxation. The divisions in the line at the bottom of 
the diagram indicate second. 

simultaneously, of the pressure changes occurring, respectively, in an 
auricle, a ventricle, and the aorta. Instruments specially designed to 
record rapid variations in pressure are placed in these situations. The 
records are taken simultaneously so that synchronous events in the 
curve can be compared. 

We shall now describe in theif proper sequence the several events 
in the cardiac cycle. The part of the cycle at which the description 
starts does not matter. The period immediately following the contrac- 
tion (systole) of the ventricle will be chosen. (Sec Fig. 4.39.) At this 
time the ventricles are closed cavities. The valves guarding the orifices 
of the aorta and the pulmonary artery are dosed, as are also those 
guarding the auriculoventricaJar orifices. The ventricular muscle is 
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now relaxing but since no blood can enter the ventricles from the 
auricles to stretch the muscle fibers these arc of the same length as 
ring the preceding systole This phase of the cardiac cycle at the 
commencement of ventricular diastole is therefore called the period 
tneasure) relaxation (Figs 
of on . “ 1'” ’ “ “ •I'nrt rate of 70 per minute) 

01 uti to 08 second At its termination the auriculoventncular valves 
^n and the blood flows rapidly into the ventricles from the auricles 

® ‘ “ “>'«< «>= P'n«l of 

rapid fiUmg of the ventncles 

of \enous blood becomes slower and 
then virtually ceases This interval following the penod of rapid filling 
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is termed the period of diastasis. It varies considerably in length, be- 
ing longer when the heart is beating slowly. During rapid action of the 
heart it may disappear entirely. Auricular systole — that is, auricular 
contraction — ^follows the period of diastasis; it gives an impetus to the 
blood flowing from the auricles into the ventricles. Auricular systole 
has a duration of about 0.1 second; at its termination the ventricles 
contract. 

It should be emphasized that throughout all the phases of the 
cardiac cycle just described (vis., isometric relaxation, rapid filling, 
diastasis, and auricular systole) the ventricles are relaxing or are com- 
pletely relaxed — that is, these events occur durmg the resting phase 
or diastole of the ventricle. 

Ventricular systole which, as just mentioned, follows auricular 
systole is divided into two phases: the period of isometric contraction 
and the period of ejection. The rise in pressure within the ventricles 
when they contract firmly closes the auriculoventricular valves. The 
aortic and pulmonary valves, which were brought into apposition at 
the end of the preceding systole, have not yet opened; they are held 
closed by the higher pressure of blood in the aorta and pulmonary 
arteries. The ventricle being thus again a closed cavity but filled with 
blood which, of course, is incompressible, the muscle fibers obviously 
cannot shorten during this phase of systole. They contract isometri- 
cally. This phase, therefore, is appropriately called the period of iso- 
metric contraction. The pressure within the ventricles continues to rise 
rapidly, however, during this time. When it reaches a height sufficient 
to overcome the diastolic pressure in the aorta (about 80 mm Hg) 
and pulmonary arteries (about 15 mm Hg), the valves guarding these 
vessels are thrown wide open, and the ventncular contents ejected. 
The ejection period lasts for about 0.3 second (with heart rate of 70). 
It terminates with relaxation of the ventricular muscle. The pressure 
within the ventricles now falls below that in the large arteries, and 
the aortic and pulmonary valves close again as a result. The next 
phase of the heart’s action is the period of isometric relaxation — the 
phase with which this description started. The cardiac cycle has been 
completed. 

The intra-auricular pressure curve, it will be seen, consists of three 
positive waves, a, c, and v, and three depressions, x, x,* and y. The 
wave a is due to auricular systole, the depression x is due to auricular 
relaxation (auricular diastole). The wave c is caused by ventricular 
contraction which bulges the thin auriculoventricular valves into the 
auricle. The depression x * is dependent also on the ventricular systole. 
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factors Dunng auncular systole, the A*V valves and, during the ven- 
tricular systole, the pulmonary and aortic valvw are held open by the 
blood flowing through the respective openings When auncular systole 
comes to an end, eddy currents arising m the ventricle bnng the 
leaflets of the A-V valves gently into position The pressure created 
immediately thereafter by ventricular systole closes them firmly The 
closure of the aortic and pulinonaiy valves is caused m a similar man- 
ner, namely, by the higher pressure in the arteries (aorta and pul- 
monary artery) than m the ventricle when the ventncular muscle 
commences to relax 

The heart sounds. If one places his ear, or the receiver of an instru- 
ment called a stethoscopt upon a man's chest a little below the left 
nipple, the beat of the heart can bt clearly heard Two sounds, sep- 
arated by a short silent interval and followed by a longer pause, can 
be distinguished They are called, respectively, the first and second 
heart sounds, and have been compared to the syllables *lub" "dup" 
The first sound lub") is louder, of lower pilch, and longer than the 
second ("dup”) The first sound is caused by two factors (a) the 
contraction of the ventricular muscle * and (b) the vibrations set up 
by the tight closure of the aunculoventncular (tncuspid and mitral) 
valves, and of the chordae tendineae as they are put upon the stretch 
by the rising pressure m the ventricles 

The second sound is caused by the closure of the aortic and pul- 
monary valves 

Valvular disease. The function of one or other valve of the heart 
may be interfered with as a result of some inflammatory disease (e g , 
acute rheumatic fever or septicemia) The affected valve becomes de 
formed or partially destro}ed so that its cusps do not come accurately 
into apposition to prevent leakage The valve js then called mcompe- 
tent and the leakage of blood is referred to as regurgitation For ex- 
ample, when the aortic valves fail to close properly at the end of ven 
tricular systole, blood flows from the aorta into the left ventricle 
during diastole, since the pressure in the aorta is higher than that in the 
relaxing ventricle, when the mitral valve is incompetent, blood is 
driven into the left auricle dunng ventricular systole Now, these re- 
verse movements of the blood cause abnormal sounds or murmurs to 
be heard In aortic incompetence, the clear second sound of the nor 
mal heart is replaced by a murmur, and this is often continued through 

■ Any skelet-il muscle causes a faiol sound when it contracts as a result of the 
vibration of Its fibers Thu can be verified by hstentng over the contracting biceps of 
the ann snth a stethoscope. 
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a part of, and sometimes throughout, the diastolic period; that is, a 
blowing or rushing sound is heard during the silent period which nor- 
mally follows the second sound and separates it from the first sound 
of the next heart cycle. In mitral or tricuspid incompetence, the ab- 
normal sound is heard during ventricular systole, and alters or re- 
places the normal first sound. 

In other instances the diseased valve loses its resilient character, 
becoming stiff and its surface roughened. The cusps are not brushed 
aside by the current of blood but, projecting into the stream, offer 
an impediment. The orifice is therefore narrowed. This valvular con- 
dition is called stenosis. Thus, according to which valve is affected, 
mitral, aortic, pulmonary, or tricuspid stenosis is spoken of. Owing 
to the narrowing of the orifice, the blood passes through it at a higher 
velocity than usual The blood flowing at high velocity over the rough- 
ened and irregular cusps causes a murmur. When an auriculoventricu- 
lar valve is affected, the murmur is heard during those times when 
the blood normally enters the ventricle at highest velocity, namely, 
during the period of rapid filling — i.e , early in diastole, or during 
auricular systole which is just before ventricular systole (presystolic 
murmur). In aortic stenosis the murmur is heard during the ejection 
of blood from the ventricle. 

It must be evident that the rigidi^ and deformation of a stenosed 
valve is likely to render it incompetent as well. Two sounds will then 
be present, one being due to the stenosis, the other to regurgitation. 

A diseased valve increases the work of the heart. The heart is at a 
mechanical disadvantage. In aortic regurgitation, for example, the 
blood must eject not only the blood that it receives from the auricles 
but also that which leaks back from (he aorta Moreover, the disease 
which attacked the valve may have also injured the heart muscle. In 
order to cany on its work efficiently, the cardiac muscle fibers must 
become larger — longer and thicker — the chambers of the heart thus 
become enlarged and the ventricular walls much thicker. Dilation of 
the heart and increased bulk of the heart muscle (hypertrophy) is, 
therefore, a consequence of valvular disease. Such adjustments, or 
compensation, as they are called, may enable a person with valvular 
disease of the heart to enjoy good be^th for years and suffer little in- 
convenience from the mechanical defect. 

Electrical changes in the heart. Contracting muscle is relatively 
negative (electrically) to resting muscle. The electrical changes in 
skeletal muscles are described on page 494. The same principles 
apply, in general, to heart muscle. I^en the excitation wave spreads 
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less the blood and tissues of the 
body have a relatively high elcc 
tncal conductivity (Fig 4 43), 
the beating heart may, therefore, 
be looked upon as an electric 
generator immersed m a con 
ducting medium, and the elec 
tnc currents (action currents) 
produced dunng the cardiac 
cycle may be “tapped,' as it 
were, by connecting two parts of 
the body with a sensitive galva 
nometer Emthoven, a Dutch 
physiologist, was the first to de 
vise a galvanometer for this pur 
pose The moving part or indi 
cator of the galvanometer con 
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action currents arc transmitted 
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Fig. 4.44 Diagram of the pnncipal parti of the electrocardiograph. P, roll of 
photographic paper moving behind (he lens. Cl. which narrows the shadow, 
ST.SH, of the string ST. to a thin vertical line and focuses it upon the sensitive 
paper, Cy means of ruled etchings upon the lens, honzontaj lines J and } mm 
apart are thrown upon the record, the heights of the waves m the electrocardio* 
gram can thus be measured and the electromotive force in each wave calculated. 
T IS a rotating toothed disc which breaks the light beam at regular intervals of 
seconds and by throwing vertical shadow lines upon the record serves 
as a time marker. O and C indicate the positions of tbe lenses in the projection 
system; S and N are the poles of the electromagnet. L is the source of light. The 
current from the subject passes through the control box below. Switches on the 
dial enable a record from any lead to be taken RH, LH. and LL represent the 
three standard leads — right hand, left hand, and left leg (Kindness of Dr. L. N. 
Katz.) 


instrument in any one of the following combinations (see Figs. 4.43 
and 4.45). Each combination is referr^ to as a /ead. Thus: 

Right hand (or arm) and left hand (or arm) is called lead I. 

Right hand (or arm) and left foot (or !cg) is called lead 11. 

Left hand (or arm) and left foot (or leg) is called lead III. 

A switch on the instrument board enables records to be taken in suc- 
cession from each of the three leads. 

A fourth lead (lead IV or chest lead), in which one electrode is 
placed on the chest over the heart and the other on the left foot or 
ankle, has been introduced more recently, and is usually taken in 
series with the other (so-called standard) leads. 
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P R INTERVAL 



Ftg 4 46 Normal electrocardiogram taken in lead I (Cour- 
tesy of Dr John Hepburn ) 


deflections are produced during the transmission of the excitation 
wave or impulse through the junctional tissues — aunculoventncular 
bundle and its branches, and the Purkmje network The actual con- 
traction of the ventricular muscle commences a fraction of a second 
after the beginning of the R wave The T wave is recorded while the 
ventricle is relaxing (see also Fig 4 40, p 171 ) 

The electrocardiograph is one of the most valuable instruments 
that the physician possesses for the investigation of the various ab- 
normal heart conditions It is now possible with its help to study dis- 
eases of the heart with a precision which hitherto was impossible An 
electrocardiogram is now taken as a matter of routine, being almost 
as commonplace a procedure as the determination of the blood pres- 
sure Important information is given by the electrocardiogram con- 
cerning the state of the conducting system of the heart and of the 
coronary system Since the P wave is caused by the excitation wave 


T 


Fig 4 47 The v-aves of the clcclrocardiogram enlarged and rep- 
resented diagrammatically 
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passing over the auricle and the R wave by the ej^citalton of the ven- 
tricle, the tunc interval between the commencement of P and the 
commencement of R (P-R interval) gives the conduction time from 
auncle to ventricle — e., over the A-V bundle. The normal lime does 
not exceed | (0.2) second. It is usually around 0.12 second. Length- 
ening of the interval indicates depression of conductivity through the 
aunculoventncular connections — i e , incipient or partial heart block. 
Disease of one or other branch of the bundle (intraventricular black) 
is also readily detected by means of the electrocardiograph. Marked 
distortion of the record occurs in this condition. 

The venous pulse. The arterial pulse is not transmitted through 
the capillaries to the venous system (p 148). The peripheral veins, 
therefore, do not pulsate, but the jugular vein is in direct communica- 
tion with the right auricle, and any change in intra-auricular pressure 
causes a reflux of blood and volume changes in the blood within this 
vein which can be recorded clinically by means of suitable apparatus 
the receiver of which is placed over the vein at the root of the neck 
just above the clavicle (collar bone). 

The jugular tracing shows a senes of waves resembling, and having 
the same significance as, those already described for the intra-auricu- 
lar pressure curve (p 173) Since the n wave is due to auricular sys- 
tole and the c wave to the commencement of ventricular systole 
(which causes the bulging into the auricle of the closed auriculoven- 
tricular valve), the length of the a~c interval gives the time of conduc- 
tion of the impulse from auncle to ventricle. This interval, therefore, 
corresponds to the P-R interval of the electrocardiogram and, like the 
latter, does not normally exceed J (0 2) second 




Fig 4 48 A Donnal venous put» and a radial pulse tracing. 
The dotted Imea join ^chronous points m the two tracings. 
(After Lewis.) 


The waves of the jugular record are not always easy to identify 
unless an arterial tracing (carotid or radial) is taken simultaneously 
with it. The instrument employed for taking synchronous records of 
jugular and arterial pulses b called a polygraph. The upstroke of the 
carotid tracing occurs simultaneously with the jugular c wave, which 
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can thus readily be identified. The positive wave immediately preced- 
ing the c wave must therefore be ^e a wave, and the positive wave 
immediately following c is the v or stasis wave caused by the filling of 
the auricle (see p. 173 and Fig. 4.48). 

The apex beat. The contraction of the heart causes a slight impact 
upon the chest wall which can be felt by placing the fingers on the skin 
between the fifth and sixth ribs, and in a line with the center of the 
left collar bone — that is, about an inch below the left nipple (in the 
male). This impact is called the apex beat. The slight outward move- 
ment of this area of the chest wall can also be seen if the bare chest is 
looked at from one side, in a good light. The movement is caused by 
the pressure exerted by the left ventricle during its contraction. All 
dimensions of the ventricles are reduced when they contract, but no 
change in the level of the apex of the heart occurs The base of the 
heart, therefore, must move toward the apex. The auricles and great 
vessels are thus elongated; they cannot move downward as a whole, for 
they are fixed above. At the same time, the heart rotates to the right, 
bringing the wail of the left ventricle and particularly that part form- 
ing the apex, against the chest wall. During ventricular diastole the 
base of the heart moves upward again. ITie up and down movement 
of the auriculoventricular groove (the junction between the auricles 
and ventricles) during the cardiac cycle can be seen quite plainly in 
the exposed heart of an animal. 

Disorders of the heart beat. Certain abnormalities of cardiac rhythm 
in the human subject (e.g., heart block and extrasystoles have al- 
ready been mentioned. These, and some of the other cardiac irregu- 
larities, will now be briefly described. 

Heart block or auriculoventricular block. This results from disease, 
usually a degenerative nature, affecting the auriculoventricular bun- 
dle. Interference with the blood supply to the heart, including the 
specialized tissue, as a result of “hardening” (sclerosis) with narrow- 
ing of the coronary vessels is a common cause of defective conduc- 
tion through the bundle. The disease may completely interrupt the 
passage of impulses from auricles to ventricles; the auricles and ven- 
tricles then beat quite independently. In such an event, the radial 
pulse is around 35 per minute while the a waves (due to auricular 
contractions) in the venous pulse occur at the rate of 70 per minute. 
There is no regular time relationship between the auricular and ven- 
tricular waves of the venous pulse; corresponding abnormalities are 
seen in the electrocardiogram, there being about two P (auricular) 
deflections to each R (ventricular) deflection. 
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In less severe grades of the disease, the conduction time is length- 
ened, but no actual block exists. The P-R intervals of the electrocardi- 
ogram and the a< intervals of the jugular tracing are prolonged. In 
other instances, block occurs intermittently. That is, after every two, 
three, or four auricular beats the Impulse fails to get through to the 
ventricle which, in consequence, misses a beat. Three stages in disease 



Fig 4A9 I, heart block. Note absence of the normal relationship between the 
auricular (/*) and the ventricular waves {Q. F. and S). 2, a ventricular extra- 
systole Note (he long pause follow ing iL 3 , ventricular paroxysmal tachycardia, 
actually a series of cxtrasystoles. 4, auricular fibrillation Waves marked / re- 
place the normal P waves ( 1 , 2. and 3 by the courtesy of Dr John Hepburn, 
4 from Lewis ) 

of the A-V bundle are therefore recognized, namely: (a) delayed 
conduction, (b) missed beats or incomplete heart block, and (c) com- 
pete kesn bhek (Fig 4.49, 1). 

ExtrasysioUs or premature heats (see also p. 161). The abnormal 
impulse which excites the heart may arise in the auricle, the A*V 
node, or m the special conducting tissue of the ventricle. Thus, three 
types of extrasystole occur; auricular, nodal, and ventricular. In the 
auricular type, the impulses arise in some part of the auricle other 
than the S-A node; each of these impulses spreads to the ventricle, ex- 
cites it in the usual way, and causes a premature beat of the whole 
heart. There is, as a rule, no compensatory pause (p. 161). In the 
nodal type, the impuke arising m the A-V node passes upward 
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through the auricular muscle and downward to the ventricle. Both 
chambers, therefore, beat almost or quite simultaneously. In the ven- 
tricular type, which has already been described on page 161, the pre- 
mature beat is followed by a compensatory pause. In this variety, the 
abnormal impulse, since it excites one ventricle before the other, dis- 
turbs the electrical balance of the heart. The QRS group of waves of 
the electrocardiogram is therefore distorted (Fig. 4.49, 2). 

Paroxysmal tachycardia. This name is given to a cardiac affection 
in which the heart suddenly commences to beat at an extraordinarily 
rapid rate and continues to do so for a period which varies in length 
in different instances from a few seconds to several hours or even 
days. The heart rate is from 150 to 250 per minute. The rapid beat- 
ing is caused by impulses arising in some part of the heart other than 
the S-A node. They may be generated in the auricle, the A-V node, 
or in the ventricular part of the special conducting system. The con- 
dition therefore consists, actually, of a series of rapidly recurring 
extrasystoles (Fig. 4.49, 3). 

Auricular flutter. In this heart condition the auricle beats more 
rapidly than in paroxysmal tachycardia — namely, from 250 to 300 
per minute. Attacks of flutter are also usually of longer duration than 
those of paroxysmal tachycardia. Furthermore, the A-V bundle, even 
though healthy itself, is unable to transmit impulses at as high a fre- 
quency as they are produced by the fluttering auricle. Only a propor- 
• tion of the impulses gets through; the ventricle, therefore, beats at a 
slower rate than the auricle. In other words, there is a relative or 
functional heart block. The ratio of auricular to ventricular beats is 
tisually 3:1 or 2:1. 

Auricular fibrillation. The auricle in this disorder does not con- 
tract as a whole, nor in an effective manner. Its walls twitch rapidly 
and incessantly at a rate of from 400 to 600 per minute. The auricle 
is never emptied by any effective contraction of its walls; the blood 
flows into the ventricle unaided by auricular systole. The a waves are 
therefore absent from the venous pulse, and the P waves from the 
electrocardiogram; they are replaced in either record by numerous 
small fluctuations called / waves (Fig. 4.49, 4). The auriculoven- 
tricular connections (A-V bundle) are capable of transmitting only 
a fraction of the impulses arising in the auricular muscle. Those that 
do reach the ventricle are irregular in time, and induce contractions 
of the ventricle of variable strength. The pulse is, therefore, very 
irregular and usually rapid. Auricular fibrillation is seen very fre- 
quently when the heart, as a result of disease of the heart muscle, is 
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weakening and performing its work with difficulty. The serious na- 
ture of the condition is not due to any direct effect upon the dynamics 
of the circulation resulting from the absence of auricular systole, 
but rather to the irregular and rapid excitation of the ventricular 
muscle. The drug most commonly used in the treatment of auricular 
fibrillation is digitalis, which acts chiefly by depressing the conduc- 
tivity of the A-V bundle. The ventricle is therefore shielded from 
many of the impulses ansing in the fibrillating auricles; the pulse 
usually becomes slower and more regular in consequence; the gen- 
eral circulation is greatly improved. 


The Regulation of the Heart’s Action 

The heart rate. The heart rate is more rapid in small animals than in 
large. The heart of the canary, for example, beats 1000 times per 
minute, whereas the average heart rate of the elephant is 25 per 
minute In adult man, at rest, the usual rate is about 70 per minute, 
but a rate of 75 or of 60 per minute is not unusual in perfectly healthy 
persons Athletes have, as a rule, a slower resting heart rate than 
have persons leading a sedentary life; the pulse rate of some famous 
runners is from 50 to 60 per minute, and it may show little increase 
In frequency during physical exercise. The heart rate diminishes pro- 
gressively from birth, when it is around 130 per minute, to adoles- 
cence, TTie heart is accelerated in muscular exercise, by emotional 
excitement, at high environmental temperatures, and during diges- 
tion. Among abnormal conditions which cause an increase in cardiac 
rale are hemorrhage, surgical shock, fever, hyperthyroidism, and cer- 
tain cord/ac d/jorderj (p 185). 

Tachycardia is a general term meaning increased heart rate. 
Bradycardia means an unusually slow rate of the heart 

Tlie cardiac nerves. Although the heart will continue to beat 
rhythmically after all nervous connections have been cut. in the 
ordinary conditions of life, it is under the constant influence of 
nervous impulses, discharged from centers in the brain. These centers 
are influenced in turn by impulses conveyed to them from various 
parts of the body along afferent nerves (p. 460), as well as by im- 
pulses received from the higher centers (psychic, emotional) of the 
brain. It is common knowledge that emotional disturbances — anger, 
fear, excitement, etc. — exert a profound influence upon the pulse 
rate. The efferent cardiac nerves^i c , the nerves which transmit 
impulses from the nervous centers to the heart — are the vagus and 
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the accelerator (or augmenior) nerves (PI. 5A). Thus, through its 
nervous connections, the heart may undergo slowing or acceleration 
as a result of the stimulation of nerve endings situated in regions re- 
mote from the heart itself. These reflex mechanisms are dealt with in 
greater detail on page 190. 

The vagus nerves arise, one on each side, from the medulla ob- 
longata (p. 546). The great majority of the fibers of which they are 
composed belong to the parasympathetic division of the involuntary 
or autonomic nervous system. The vagus branches are very widely 
distributed, passing to the bronchi, lungs, stomach, and small in- 
testine, as well as to the heart. The fibers going to the heart separate 
from the main trunk of the nerve in the upper and lower parts of 
the neck. They terminate around nerve cells (ganglion cells) situ- 


Fig. 4.50 showing the effect of 
an electnc stimulus applied to the 
right vagus nerve Heavy white 
line indicates the commencement 
and duration of the stimulus. 
Note the escape of the heart from 
the vagal stimulation. 



ated in the auricular muscle. The impulses are relayed by the axons 
of the ganglion cells to the sinoauricular and auriculovcntricular 
nodes. The fibers in the first link of the nerve path — that is, from the 
center in the medulla (generally known as the cardtoinhibitory cen- 
ter) to the ganglion cells — are called preganglionic fibers. The axons 
of the ganglion cells, which constitute the second link, are called 
postganglionic fibers The right vagus is distributed mainly to the 
S-A node; it affects the rale of the heart to a somewhat greater ex- 
tent than does the left nerve. The left vagus is distnbuled chiefly to 
the A-V node; its effect upon auriculovcntricular conduction is greater 
than that exerted by the nerve of the right side. (See below.) The 
distributions of the two nerves overlap to a considerable extent, how- 
ever, since both the S-A node and the A-V node receive fibers from 
both. 

Action of the vagus nerves. The vagus is the inhibitory nerve of 
the heart. When it is stimulated, slowing or stoppage of the heart 
results. Diminished force of the beat usually accompanies the reduc- 
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lion in rate These effects result in a fall in the arterial blood pressure 
(Fig. 4 50). The vagus exerts no direct effect upon the ventricular 
muscle. Its action is upon the auricle, and the auriculovcntricular 
'' bundle; stimulation of the vagus after section of the A-V bundle 
does not affect the ventricular rate During vagal stimulation excitabil- 
ity of the auricular muscle is reduced, and its refractory period 
shortened, the rate of conduction from auricle to ventricles— that is, 
through the auriculovcntricular bundle — is depressed. The slowing 
of the heart following vagal stimulation is due mainly to lengthen- 
ing of the diastolic period and. when the heart stops, it does so In the 
diastolic phase For this reason, the vagus is sometimes called the 
diastolic nerve of the heart The action of the vagu? upon the heart 
closely resembles that caused by an excess of potassium (p. 162). 

When the heart is anested by vagal stimulation, it very often com- 
mences to beat, though the stimulus is still being applied. That is to 
say, the heart breaks away from the vagal restraint This is spoken 
of as the ’’escape of the heart” from vagal inhibition The first few 
beats of the heart after it has escaped from vagal control are usually 
of exceptional force (Fig 4 50). Tliis is due most probably to the 
fact that the muscle fibers of the ventricle which, since the tatter is 
fully distended by the venous blood during the period of inhibition, 
are very strongly stretched, and, therefore, cause an unusually power* 
ful contraction (see Starbng’s law, p. 193) 

The tone of the vagus. 3Vhcn the physiologist says a nerve or mus- 
cle possesses tone, he means that it exerts a continuous action Iq 
this sense, the cardiac vagus (or rather its center in the medulla) has 
tone, It exerts a ceaseless restraint upon the action of the heart, send- 
ing a continuous stream of impulses along the vagus nerves which 
holds the heart in check. When this restraint is removed, as by cut- 
ting both vagus nerves, the rate of the heart increases very greatly. 
This method of demonstrating vagal tone cannot, of course, be used 
m man AlTOpine, a drug wbidi temporarily paralyzes the vagus, can, 
however, be given without danger. When a full dose of this drug is 
given, the heart rate is more than doubled (150 to 180 beats pet 
minute). 

The accelerator or augmonfor nerves. These are nerves belonging 
to the sympathetic division of the involuntary or autonomic nervous 
system (p 561) Like other pathways of the autonomic nervous sys- 
tem, the pathway for the accelerator impulses to the heart consists 
of preganglionic and postganglionic fibers. The preganglionic fibers 
are the axons of cells situated m the lateral horns of spinal gray 
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matter in the upper five thoracic segments. The postganglionic fibers 
arise from the stellate ganglion, and the inferior, middle, and su> 
perior cervical ganglia of the sympathetic cord; they pass to the 
heart by the inferior, middle, and superior cardiac nerves (PI. 5A). 
Fibers also pass to the heart from the upper two thoracic ganglia. 

Stimulation of the accelerator nerves increases the rate of both 
auricles and ventricles and increases the force of their contractions. 
The nerves exert a direct action upon the ventricular muscle. They 
also enhance A-V conduction. Like the vagus, the accelerators exert 
a continuous effect upon the cardiac rate — that is, they exercise 
a tonic action. Consequently, when their influence is removed by 
excision of the sympathetic ganglia from which they arise, the heart 
rate slows. 

Cardiac reflexes. The stimulation of almost any sensory (a^erent) 
nerve in the body may cause a change in cardiac rate. In the frog, 
merely tapping the abdomen results in slowing of the heart, and it 
has been shown that in roan, the stimulation of abdominal organs by 
manipulations during surgical operations causes changes in the heart 
rate. Depending upon the nature of the stimulus and the nerves stimu- 
lated, the heart may increase or reduce its rate during an operation. 
Again, irregularities in the action of the heart may result due to the 
production, tefltxiy, of extra^stoVes (p. 1S4>. Afiwent impnises 
arising in a diseased organ may also influence the rate of the heart. 
Cardiac inhibition may be caused by stimulation of the endings of 
the fifth nerve in the nose, as by some pungent odor, or of afferent 
fibers in the lungs by irritant vapors. A similar effect may follow pres- 
sure upon the outer angle of the eye (oculocardiac reflex). In ani- 
mals, stimulation of a spinal sensory nerve, such as the sciatic, is not 
infrequently followed by cardiac acceleration. 

Among the afferent fibers which are most effective in brin^g 
about reflex changes in heart rate arc those contained within the 
vagus nerves themselves, for these nerves are made up of fibers which 
convey impulses to as well as away from the cardioinhibitory center. 
Tbe afferent vagal fibers end in the heart and in the arch of the aorta 
(see cardiac depressor nerve, p. 199). The endings in the aortic arch 
and in the left side of the heart are stimulated by a rise in arterial 
blood pressure; the impulses increase the tone of the cardioinhibitory 
center; and cardiac slowing results. Those on the right side of the 
heart are stimulated by a rise in the pressure of venous blood in the 
great veins and auricle; they cause acceleration of the heart by de- 
pressing the tone of the cardioinhibitory center. 
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The sinus nerve. Another afferent nerve which, when stimulated 
causes reflex slowing of the heart is the sinus nerve Its endings are 
situated in the walls of the carotid sinus (p 199) The normal stunu 
lus to these nerve endings is a rise in artenal blood pressure 
Two well known circulatory phenomena will now be described 
The first is )cnown as Morey's law, after a French physiologist, the 
other IS called Bambndge's reflex after an English physiologist 
Matey’s law. Marey s law states that the heart rate is inversely re 
lated to the artenal blood pressure — that is, a nse or a fall m the 
artenal blood pressure causes, respectively, slowing or acceleration 
of the heart These effects are brought about through ( I ) the affer 
ent fibers of the vagus ending in the aorta and the left side of the 
heart, and (2) the sinus nerves Since reflex changes m the caliber 
of the peripheral vessels arc also brought about through these nerves 
any further description of their effects will be postponed until we 
come to deal with the control of the blood vessels (p 199) 
Bambndge’s tefles This is the name given to the increase tn heart 
rate which, as stated above results from a rise in venous pressure 
The nse m venous pressure that occurs when the heart becomes filled 
acts as a stimulus to the afferent vagal endings in the right auricle 
Impulses are set up that depress the tone of the cardiomhibitoiy cen 
ter The heart rate is, m this way automatically adjusted to the quan 
tity of venous blood flowing into its chambers This reflex comes into 
effect to produce increased heart rate during muscular exercise, car 
diac action being thus adjusted to pump the increased quantity of 
blood brought to it from the contracting muscles 

The sensory pathways from the heart. The heart, like other inter- 
nal organs, is insensitive to the ordinary types of stimulus Those 
stimuli for example, which arouse the sensation of touch heat, cold, 
or pain when applied to the skin cause no sensation when applied 
to the heart The heart may be touched, pinched, or cut without any 
sensation being aroused In disease however (e g , angina pectons) 
severe pain may be experienced The pain is felt over the front of the 
chest and down the left anti The pain impulses travel by afferent 
sympathetic fibers m the middle and inferior cardiac nerves None 
apparently are conveyed by the vagus They enter the cord via the 
posterior roots of the upper four or five thoracic segments Removal 
of the upper sympathetic ganglia, or the injection of alcohol around 
these ganglia, interrupts the pain fibers or abolishes their conductiv 
ity, and is sometimes resorted to for the relief of the severe, mtrac 
fable pam of angina pectoris 
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The action of certain drags upon the heart. Atropine, as men* 
tioned on page 188, causes an increase m the heart rate by abolishing 
vagal tone It acts by antagonizing the action of acetylcholine — the 
vagus substance (see below) Muscarine, a pnnciple in poisonous 
mushrooms (amanita) slows or arrests the heart, thus, its action is 
sunilar to that following stimulation of the vagus The effects of atro 
pine and muscarine are, therefore, antagonistic Pilocarpine, physo- 


Fig 4 51 The perfusion apparatus A u furnished 
with an overflow tube B the height of which can be 
varied to allow alterations m the perfusion pressure 
Fluid IS delivered through the tube C The fluid from 
A passes through the tube D to the Inflow lunb B of 
the double cannula which supplies the donor heart F 
After irrigating the mstde of the donor heart, the fluid 
passes by the outflow hmb G to the glass cannulated 
tube H to which is attached the recipient heart 1 This 
cannulated tube is provided with a lateral overflow so 
that the hydrostatic pressure of the fluid supplied to the 
recipient heart remains constant J and K are the levers 
to which the hearts F and I are respectively attached 
(After Bam ) 


stigmme (also called eserine), eholme, and its ester, acetylcholine, 
have the same effect upon the heart as that of muscanne NicoUne 
acts uj)on the ganglion (vagal) cells in the heart first stimulating 
and later paralyzing them, slowing of the heart followed by accelera 
tion results Digitalis depresses conduction in the auriculoventncular 
bundle, thus causing ventncular slowing It also exerts a beneficial 
effect upon the heart muscle, and is probably the most valuable drug 
which the physician possesses for the treatment of a failing heart 
Excessively large doses of digitalis may cause complete functional 
dissociation of the auricles and vcntncles — heart block 
The chemical (humoral) transmission of vagus and accelerator 
effects. About 35 years ago, the astonisbmg and important discovery 
was made by Loewi, a German pharmacologist, that the vagus and 
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accelerator nerves exert their actions upon the heart, not through the 
direct effect of nerve impulses, but through the intermediary of chem- 
ical substances. At the terminals of the vagus in the heart, acetyl’ 
choline is produced, and the cardiac slowing or arrest, which results 
from vagal stimulation, is the result of the direct action of this sub- 
stance upon the heart muscle The production of this vagal substance 
or Vagusstoff, as Loewi called it, was demonstrated by the following 
experiment Two frog hearts were set up as shown in Figure 4 51. 
The perfusion fluid, after passing through the heart on the right 
(donor heart), then passed through the heart on the left (recipient 
heart) Now, when the vagus of the donor heart was simulated for 
a time, inhibition of the recipient heart followed The latter effect 
must have been due to a chemical substance passing into the fluid, 
perfusing the donor heart during the period of vagal stimulation, 
and then being conveyed to the recipient heart. Subsequent experi- 
ments have left little doubt that the chemical mediator of the vagal 
effects is an ester of choline, namely, acetylcholine. Experiments of a 
similar nature have proved that adrenaline (Chap. 10) is produced 
during stimulation of the accelerator nerves. 

The vagal substance is quickly destroyed after its production. In 
order that a chemical shall serve as a mediator of vagal effects, it is 
absolutely necessary that it be removed rapidly after it is produced. 
Otherwise It would continue to exert its effect and so cause prolonged 
slowing or even arrest of the heart. The destruction of acetylcholine 
is brought about by the action of an enzyme present in fte heart 
muscle as well as m the blood and other tissues. The enzyme is called 
cholinesterase The action of physostigmine (eserine) uponlhe heart 
IS, as mentioned above, similar to that of the vagus, or of acetylcholine 
itself It has been shown that cscrinc acts simply by antagonizing the 
action of the cholinesterase. In other words, it prevents the destruction 
of acetylcholine which is being liberated constantly from the vagal 
endings and, as a consequence, enhances the tonic action of the vagus. 

More recent work has shown that the conception of a chemical or 
humoral mechanism in the transmission of nervous effects has a much 
wider application Not only the effects of the vague and sympathetic 
upon the heart, but also those of other parasympathetic and sympa- 
thetic nerves (e g., of the stomach, intestine, blood vessels, etc.) are 
mediated by chemical materials (see p. 566). 

The control of the action of the heart by chemical substances car- 
ried in the blood stream. The importance of the minerals sodium, po- 
tassium, and calcium upon the action of the heart has been described 
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(see p. 162). Adrenaline, the hormone of the medulla of the adrenal 
glan^, acts upon the heart in a manner similar to that of sympathetic 
stimulation (see p. 420). The carbon dioxide and oxygen pressures 
in the blood exert a powerful influence upon cardiac action. Excess 
of carbon dioxide (e.g., in asphyxia) increases the tone of the cardio- 
inhibitoiy center, reduces the rate of impulse formation in the S-A 
node, and depresses conduction in the auriculoventricular bundle; 
the heart is therefore slowed. When the pressure of carbon dioxide 
is such that a marked change in blood reaction toward the acid side 
occurs (e.g., to pH 7.0), heart block results. Reduction in the carbon 
dioxide pressure in the blood (as may be produced by prolonged 
forced breathing, p. 255) causes the reverse effects — namely, decrease 
in the tone of the cardioinhibitory center, increased rate of impulse 
formation in the S>A node, nnd enhanced conduction in the A-V 
bundle. 

A low oxygen pressure in the hlood causes an increase in heart rate. 
If the oxygen lack is severe or prolonged, slowing of the beat occurs, 
irregularities appear, and the heart fails. The heart muscle is unable to 
contract for long unless the oxygen supply is adequate; it is much more 
susceptible to oxygen lack (anoxia) Uian is skeletal muscle. 

The length of the muscle ^er io relation to the force of the cardiac 
conhnetfon. It has been demonstrated experimentaffy that the well* 
nourished heart possesses great reserves of energy. For example, 
when, as in muscular exercise, the quantity of blood entering the ven- 
tricles during their period of filling (diastole) is increased several 
fold, the heart ejects without difiScuI^ the greater quantity of blood 
during the succeeding systole. Again, when the arterial blood pres- 
sure is raised to double the normal value, the left ventricle readily 
overcomes the great resistance and discharges its contents as easily, 
apparently, as it did at the lower pressure. Starling found that the 
dog’s heart was capable of discharging, per minute, a weight of blood 
nearly sixty times that of the heart itscU. We have already seen that 
the minute volume of a large robust man, whose heart weighs about 
300 grams, may amount to over 35 liters (approximately 35 kilo- 
grams). 

How does the heart gain the required energy for the performance of 
the extra work? Now, it is well known that a skeletal muscle con- 
tracts more forcibly if it is stretched by a weight, than if it is permitted 
to contract unweighted. The degree of stretch to which the muscle is 
subjected — that is, the length of the muscle fibers before excitation — 
determines the force of the ensuing contraction. The cardiac muscle 
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fiber behaves in a similar manner The greater the weight, within 
physiological limits which is applied to the muscle durmg diastole 
and, consequently, the longer the fiber, the more powerful will be the 
followmg systole In the case of the heart, the weight which stretches 
the muscle dunng diastole is, of course, the mass of blood entenng 
the ventricles Thus, automatically, the heart finds the necessary 
energy to perform the extra work entailed by an increased venous 
return In order to gam power to eject blood against a raised artenal 
pressure, the heart does not completely empty itself (or the first few 
beats after the pressure has been raised The residual blood thus in 
creases the diastolic volume of the heart — that is, increases the length 
of the muscle fibers From then on the heart empties its chambers 
completely during systole 

The ability of the heart to do work above the ordinary require- 
ments of the resting slate of the body is called its reserve power One 
might therefore m a sense, compare the cardiac muscle fiber to an 
clastic band which as we know, rebounds most powerfully when it 
IS fully stretched The behavior of the heart m this regard has been 
expressed by Starling in the followmg words "The energy liberated 
by a cardiac contraction is a simple function of the length of the 
muscle fibers of the ventricle at the end of diastole ’ This is known 
as StarUn% s law of the heart 

When, as a result of disease, the contractile power of the heart is 
reduced, it must dilate In other words, it must increase the length of 
Its fibers to a greater degree than docs a healthy heart m order to per 
form the same amount of work Thickening — hypertrophy — of the 
muscle fiber also occurs Enlargement of the heart is therefore a sign 
of heart disease Nevertheless, the enlargement m itself is beneficial, 
and may be looked upon as a compensatory process which enables a 
heart which is at a mechanical disadvantage (e g , one with a valvular 
lesion) to discharge its functions Indeed the hypertrophied heart 
may have a reserve power almost as great as that of the normal heart 
When the heart muscle itself is diseased, it may be so greatly weakened 
that It cannot even at maximal dilatation, contract forcibly enough to 
maintain an efficient circulation The signs of heart failure then ensue 
— breathlessness (dyspnea, p 260), edema (p 101 ), and the appear- 
ance of a bluish tint of the skin, c^cially of the lips, ears, and finger- 
tips (cyanosis p 263) 

It IS now generally accepted that a healthy heart cannot be 
“strained” by overwork Athletics, even though of a strenuous nature, 
do not injure a normal heart In other words, the volume of blood 



NERVE CONTROL OF THE BLOOD VESSELS 195 


brought to the heart from the contracting muscles is not great enough 
to tax the normal healthy heart beyond its reserve powers; the muscles 
will fatigue or come to the lunit of their capability before the heart is 
injured. On the other hand, if a person with valvular, coronary, or 
oUier organic cardiac disease indulges in strenuous muscular exercise, 
serious injury may be inflicted upon the heart, for the work demanded 
of the heart may then exceed its reserve power, which has been reduced 
as a result of deterioration of the heart muscle caused by the existing 
disease." 

Nerve Control of the Blood Vessels 

As already mentioned on page 124, the walls of the arterioles are 
composed largely of smooth muscle fibers arranged in such a fashion 
that when they contract the vascular lumen is narrowed. This muscle, 
in so far as its nerve supply is concerned, may be compared to the 
muscle of the heart. One set of nerve fibers — vasoconstrictors — excite 
the muscle — that is, cause constriction of the 
arterioles. The other set — vasodilators — in- 
hibit the muscle, causing it to relax and so 
cause vascular dilatation. 

The vasnconstclctot uecvcs. The vasocon- 
strictor nerves belong to the sympathetic divi- 
sion of the involuntary nervous system. They 
arise, in common with other sympathetic 
fibers (p. 563), from cells in the lateral 
horns of the gray matter of the spinal cord 
lying between the levels of the first thoracic 
and the third lumbar segments. The vasocon- 
strictor fibers to the vessels of the limbs, for 
the most part, are carried in the mixed spinal 
nerves (e.g., ulnar, sciatic, etc.). Those to 
the head and neck pass from the cervical 
ganglia of the sympathetic to the carotid ar- 
teries’ which they surround in a netlike (plexi- 
form) manner. These nerve nets or plexuses 
invest the vessels to their smallest branches, ultimately furnishing fila- 
ments to the arterioles. The vasoconstrictor fibers to the abdomen pass 
to the vessels in three well-defined strands — the greater, the lesser, 
and the least splanchnic nerves. The greater splanchnic nerve supplies 
the larger proportion of the arterioles of the abdomen; when stirau- 



Fig. 4 52 Showing ef- 
fect upon arterial blood 
pressure of stimulating 
the tight splanchnic 
nerve. (After Macleod ) 
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lated, the wide-spread vasoconstriction which results causes a very 
pronounced rise in blood pressure (Fig. 4.52) . 

The rasodUator nerves. We may group the vasodilator nerves into 
three categories: (a) those \trhich belong to the sympathetic division 
of the sympathetic nervous system, (b) those belonging to the para- 
sympathetic division, and (c) those that leave the central nervous 
system in the posterior spinal nerve roots. The sympathetic vasodU 
latois arise from the thoracic and lumbar segments of the spinal cord 
and follow the same general course as the vasconstrictors. ITiey ap- 
pear to be distributed almost exclusively to the vessels of the muscles 
and viscera 

Of the parasympathetic vasodilators, some leave the brain in die 
facial, glossopharyngeal, and vagus nerves; others arise in the sacral 
part of the cord and are carried in the pelvic nerve (p. 563) to the 
vessels of the bladder, tectum, and external genital organs. The 
vasodilators which leave the brain in the facial nerve enter its chorda 
tympani branch, and are ultimately distributed to the vessels of the 
tongue and salivary glands. 

Vasodilator impulses conveyed along the pelvic nerve to the ves- 
sels of the penis or of the corresponding organ of the female— the 
clitoris — are responsible for the phenomenon of erection (Ch. 14), 

The vasodilator fibers of the posterior spinal nerve roots appear to 
be distributed, mainly at any rate, to the skin of the limbs. There has 
been much discussion as to the nature of these nerves. When the 
posterior nerve roots supplying fibers to a limb are stimulated, the ves- 
sels may dilate. Many believe that the ordinary sensory fibers, of which 
the posterior roots are mainly if not entirely composed, must transmit 
the vasodilator impulses. That is to say, impulses pass to the vessels, 
apparently, over fibers which have been thought to be capable only of 
conveying impulses to the spina] cord — i e , sensory impulses. Ac- 
cording to this conception, the vasodilator impulses travel over the 
nerve In a direction opposite to that of the ordinary sensory impulses. 
For this reason, they have been termed antidromic (Gk. anti, against 
-f dromos, a running) vasodilator impulses. Other physiologists offer 
another explanation of the vasodilatation which follows stimulation 
of the posterior roots, claiming that efferent fibers are contained in 
the posterior roots, and that these alone are the transmitters of vaso- 
dilator impulses. The question remains unsettled. 

The vasoconstrictor and vasodilator centers. The vasoconstrictor and 
vasodilator centers are situated in the medulla oblongata, in the floor 
of the fourth venlncle (see p. 559). The vasoconstrictor center is 
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connected by tracts of fibers with the nerve cells in the lateral horns 
of the spinal cord which, as mentioned above, give nse to the vaso- 
constrictor fibers. These cells may be loked upon as constituting a 
spinal vasoconstrictor center. Centers controlling the vessels also prob- 
ably exist at higher levels than the medulla — for example, in the hy- 
poAalamus and even in the cerebral cortex. 

The vasoconstrictor center in the medulla and, though to a much 
less degree, the vasodilator center as well, possess tone. That is to say, 


Fig. 4 53 Showing the 
Vessels of rabbit’s ear. 

The sympathetic (vaso- 
constrictor) nerves sup- 
plying the nght ear ^ / 

have been cut. The ^ 
nerves to the left ear are 
intact. Note the dilata- 
tion of the vessels of 
the right ear as com- 
pared with those of the 
left. The diSerence in 
cafiher of the vessefs on 
the two sides would be 
still more pronounced 
tf the sympathetic 
nerves of the left ear 
had been stimulated. 



impulses are constantly passing from the centers along the vasocon- 
strictor and vasodilator nerves. Under ordinary circumstances, vaso- 
constrictor tone predominates — the vessels being always slightly con- 
stricted. This tonic vasoconstrictor action is at once abolished if the 
spinal cord is cut across in the lower cervical region — the stream 
of impulses from the medullary center to the minute blood vessels 
being thus interrupted. The blood vessels then dilate, the peripheral 
resistance, which is such an important factor in maintaining the ar- 
terial blood pressure, is greatly reduced, and a profound fall in pres- 
sure results. The low blood pressure persists for a time, which varies 
with the animal species, being longer in mammals than in lower forms. 
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and then gradually tetums to normal The restoration of the blood 
pressure to the normal level is due to the centers in the spinal cord 
assuming the functions of the isolated centers in the brain Sectioning 
the splanchnic nerves by depnving the abdominal vessels of tonic 
vasoconstrictor impulses, acts m a similar way to cause a fall in blood 
pressure 

That dilatation of vessels occurs when the vasoconstrictor fiben 
to a part are cut can be very simply demonstrated upon a rabbit The 
vessels of the rabbit s ear are plainly visible when the ear is held up 
m front of a bright light If the sympathetic nerve m the neck (cervical 
sympathetic) is cut while the ear is being observed m this way, the ear 
becomes flushed and warm and the individual vessels are seen to di 
late see Figure 4 53 The effect is still more striking if the opposite 
ear (with nerve uncut) is compared with the ear on the operated side 
This experiment first performed by Claude Bernard the great French 
physiologist of the nineteenth century, is taken to mean that a con 
Slant stream of (tonic) vasoconstrictor impulses is earned along the 
intact nerve which thus maintains the vessels in a state of partial con 
stnction These impulses arc mlcmiptcd when the nerve is cut, 

Vascubr reflexes Variations m the caliber of the arterioles can 
be brought about by stimulating certain afferent nerves — i e , through 
reflex action The impulses set op in the afferent nerve pass to the 
nervous centers and are reflected along efferent nerves, vasoconslriclor 
or vasodilator, to the blood vessels A use or a fall m blood pressure 
depending upon the afferent nerve that has been stiroulated and the 
type of stimulus may thus be induced A reflex rise m blood pressure 
IS called a pressor reflex, a reflex fall is called a depressor reflex Stim 
ulation of practically any afferent nerve m the body may cause a 
change m the calibers of the penpheral vessels It is not always pos 
sible, houever to predict whether a pressor or a depressor reflex will 
result A strong stimulus applied to an ordinary spinal sensory nerve 
is more likely to produce a rise in blood pressure As a general rule, 
painful stimuli of various sorts result in a pressor, and mild pleasant 
types of stimulus, m a depressor response In man, stimulation by 
cold (c g a draft) applied to a cutaneous area causes constnction of 
the vessels of the skm over parts of the body remote from the area to 
which the cold is applied as well as of the vessels m the mucous mem 
brancs of the nose, throat and bronchi Gentle stimulation of the 
skin (e g , massage) causes as a rule, vasodilatation Warming the 
skin usually causes vasodilatation in areas of skm some distance from 
the warmed part, but if the temperature is raised to the point where a 
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painful sensation is aroused, reflex vasoconstriction is more likely to 
result. 

The aortic and sinus nerves. There are two sets of afferent fibers 
which exert a veiy special controlling influence upon the circulation. 
^Vhen stimulated, they cause reflex slowing of the heart together with 
vasodilatation, especially of the abdominal (splanchnic) region of 
the vascular system. As a consequence of these effects, the blood 
pressure falls. One set of such afferent fibers is contained in the vagus 
nerve. They terminate peripherally in the wall of the aorta and base 
of the heart. An increase in the blood pressure, by stretching the aorta, 
stimulates the nerve terminals embedded in the arterial walls; impulses 
ascend to the cardiac and vasomotor cen- 
ters in the medulla; impulses are dis- 
charged, in turn, down the efferent fibers 
of the vagus and the vasodilator nerves. 

The tonic vasoconstrictor impulses are. at 
the same time, reduced in frequency. The 
vasodilation is therefore due to reduced 
vasoconstrictor tone as well os to increased 
tone of the vasodilators. Although, in 
man, these afferent (depressor) fibers 
are bound up in the vagus trunk with the 
efferent fibers, in certain animals (e.g., 
the rabbit) they are contained in a sepa- 
rate branch of the vagus, known as the 
cardiac depressor or aortic nerve, shown 
in Figure 4.54. 

The other set of afferent fibers are con- 
tained in the sinus nerve, a small branch 
of the glossopharyngeal nerve. The fila- 
ments of this nerve terminate in receptors 
situated in the wall of the carotid sinus, 
the name given to a slight enlargement of 
the common carotid arteiy where it di- 
vides into the internal and external carot- 
ids (Fig. 4.55). These receptors, since 
they respond to a pressure or stretch stimulus, are called pressorecep- 
tors. When stimulated in this way, as by a rise in blood pressure, nerve 
impulses are transmitted along the sinus nerve to the cardiac and vaso- 
motor centers in the medulla oblongata. Reflex slowing of the heart, 
vasodilatation, and a fall in blood pressure follow. Mere compression 



Fig 4J4 Showing the ca- 
roud smus and arch of aorta 
with the smus and aortic 
nerves. 1, arch of aorta; 2, 
common carotid; 3. carotid 
sinus, 4, internal carotid, 5, 
external carotid; 6, vagus 
nerve, 7, glossopharyngeal 
nerve; 8, sinus nerve, branch 
of the glossopharyngeal 
nerve. 
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of the sinus between the finger and thumb in an animal, or even pres- 
sure through the skin of the neck in a proportion of normal human 
subjects, will stimulate the nerve endings in the sinus wall and evoke 
the reflex. In certain rare instances, the human carotid sinus is abnor- 
mally sensitive. In such persons the lightest prwsure in the neighbor- 
hood of the sinus (as during shaving, 
or buttoning a collar) may cause pro- 
nounced slowing of the heart, and a 
sharp fall in blood pressure. The fall 
in blood pressure may, by depriving 
the brain of an adequate supply of 
blood, cause syncope (fainting) or 
convulsions. 

The maintenance of the arterial 
blood pressure within the normal 
limits is dependent to a large extent 
upon the activity of the sinus and 
aortic nerves. These nerves transmit 
at all times a stream of impulses to 
the cardiac and vasomotor centers, 
and thus exert continuously a depress- 
ing efifect upon the blocd pressure. 
Any marked rise in blood pressure in- 
creases the frequent^ of the afferent 
impulses and magnifies the constant depressor effect upon the medul- 
lary centers; the blood pressure'iS thus automatically reduced again. 
In a corresponding manner, any tendency for the blood pressure to fall 
is counter^ by an opposite effect, namely, reduction of the frequency 
of the impulses gomg to the center and, in consequence, reflex cardiac 
acceleration andwasoconstriciion (Fig. 4.56). The sinus and aortic 
nerves thus exert a governing or buffering effect upon the blood pres- 
sure, preventing it from fluctuating greatly in either direction. For this 
reason they are sometimes referred to as the “buffer nerves’* of the 
circulation. 

In hemorrhage, for example, the fall in blood pressure occasioned 
by the reduction in blood volume, diminishes the intensity of the 
pressure stimulus normally applied to the sinus and aortic nerves, thus 
lowenng the frequency of the afferent impulses impinging upon the 
centers. Reflex vasoconstriction and cardiac acceleration follow, 
which tend to restore the blood pr^sure to its normal level. The vaso- 
constriction seen in surgical shock, and the ability of the circulation to 



Rg 445 Sbowiog the carotid 
sinus region m man 1, common 
carotid artery; 2 , carotid sinta, 
3, internal carotid, 4, external 
carotid, 5, sinus nerve; 6, giosso- 
pharyngeiU nerve 
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compensate for the effect of gravity and maintain the blood pressure 
when the erect posture is assumed, are mainly dependent upon the 
activity of the sinus and aortic nerves. 

Filaments of the sinus nerve also end in the carotid body, a collec- 
tion of specialized cells in the neighborhood of the carotid sinus; but 
since this body is concerned with the control of respiration rather 
than with the circulation, its structure and function will be deferred. 


Fig 4.56 Record A, upper tracing, 
blood pressure. Lower, record of im- 
pulses from a single isolated fiber of 
the sinus nerve Record D, upper trac- 
ing, blood pressure at a higher level 
than in A. note that the impulses re- 
corded in lower tracing from the smus 
nerve are at a higher frequency and 
persist even throughout the diastolic 
phase 


A similar structure, known as the aortic body, is to be found on a 
small artery arising from the arch of the aorta; its receptors are in- 
nervated by terminals of the aortic nerve, and stimulated by a low 
oxygen tension of the arterial blood. When so stimulated, impulses 
travel along the aortic nerve, and reflex vasoconstrictor results. Thus, 
while the carotid body is concerned, chiefly at any rate, with the regu- 
lation of respiration, the aortic body is part of the mechanism con- 
trolling the circulation. 

The reflex control of the heart and blood vessels is shown diagram- 
matically in Plate 5B. 



Special Features of the Circulation 
in Certain Parts 

The capillary circulation. The capillaries are the smallest vessels of 
the circulatory system, measuring about 1 mm in length, and having 
an average diameter of 8 to 15 microns. Their walls are composed of 
a single layer of endothelial cells cemented together at their edges, 
and are of such delicate construction that they are seen with the 
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greatest difficulty, even under careful microscopic examination. The 
blood within the capillaries (the corpuscles being clearly seen through 
their walls) enables one to locate the position of these vessels. In am- 
phibians, here and there, peculiar spiderlike cells are to be seen in close 
relation to the capillary. The bodies of these cells possess several long 
slender processes which embrace the endothelial wall. They are called 
ceiis (see Fig. 4.10, p 125). 

Though, of course, the existence of small vessels between the ar- 
terial and venous systems was implicit in Harvey’s theory of the circu- 
lation of the blood, it was not until some years after Harvey pro- 



pounded his theory that the capil- 
laries were actually demonstrated by 
the Italian anatomist, Malpighi. It 
has been mentioned elsewhere (p. 
125) that the whole purpose of the 
elaborate circulatory system is to 
drive blood through the capillaries, 
for jt is through the walls of these 
vessels alone that oxygen and nutri- 
tive materials pass from the blood to 
the cells of the tissues, and carbon 
dioxide and waste materials from the 
(issue to the blood. 

Each arteriole is continued into a 
vessel of about the size of a capillary 
but differing from the latter in that 
its walls contain a small quantity of 
smooth muscle; it is called a metarte- 
nole (Fig. 4 57) Such vessels run 
centrally through a capillary area. 
This central or thoroughfare channel 
gives off a number of true capillaries 


r ig 4.57 Vessels m a capillary — that is, simple endothelial tubes 
fMh ^ which, after forming a network of 

loops, return the blood to the central 
channel nearer its venous end. The metarteriole, by virtue of its smooth 
muscle and of its possessing a vasoconstrictor and vasodilator nerve 
supply, is capable of altering its caliber and thus of decreasing or in- 
creasing the quantity of blood flowing through the capillary area which 
It serves The capillaries themselves, in opposition to older accounts 
given of these vessels, arc not able actively to alter their calibers. They 
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are merely dilated passively by an increased volume of blood entering 
them when the metarterioles dilate. Changes in the blood flow within 
the capillaries occur frequently in accordance with the state of activity 
of the surrounding tissues (Fig. 4 58). In a resting muscle, for ex- 
ample, a large proportion of the capillaries are closed, the channels 
being completely obliterdied. When the muscle contracts, large num- 



Fig. 4.58 The muscle 
capillanes of guinea 

} )tg injected dunng 
ife with India ink, 
showing dilTerent de- 
grees of constnction. 
Blank oval and cir- 
cular areas indicate 
red corpuscles. (After 
Krogh ) 



Fig. 4 59 Showing capillary loops m the hu- 
man skin at the base of the fingernail, as seen 
under low power of the microscope. The di- 
visions in the scale at the bottom of the illus- 
tration represent tenths of millimeters. (After 
Lewis ) 


bers are opened up, thus increasing the blood flow through the tissue 
several fold, and assuring an adequate oxygen supply for the contrac- 
tion process. 

A number of chemical matcriak exert an influence upon the diam- 
eter of the metarterioles and so, indirectly, upon the caliber of the 
capillaries. Carbon dioxide and lactic acid, produced during tissue 
activity, cause dilatation of the metarterioles. Iodine, urethane, silver 
nitrate, and histamine have a similar effect. Adrenalme and pituitrin 
cause constriction. 

The capillaries of (he human skin. The most superficially placed 
capillaries of the human skm are in the form of hairpinlike loops 
situated in the papillae of the dermis, and running more or less at 
right angles to the skin surface with their convexities directed out- 
ward. They lie just beneath the papillae of the skin. These loops may 
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be seer when the skin at the base of the fingernail is examined with a 
strong light beneath the microscope (PI 6A and Fig 4 59) One 
limb of a capillary loop receives blood from the artenal side, the blood 
in the other limb, having given up a part of its oxygen load, is more 
venous in character The venous limb drams into a plexus of capil 
lary vessels lying beneath the bases of the papillae of the skin, and 
named the subpapdlary venous plexus It is the blood m this plexus, 
and not that m the capillary loops, which gives color to the skin When 
the flow is rapid and the vessels of the venous plexus dilate, the skm 
IS bright red in color When the vessels are constricted, the skin is 
pale If the blood flow through the plexus becomes slowed, more oxy- 
gen IS given up by the blood within the vessels, a greater proportion 
of the hemoglobin is in the reduced slate, and, in consequence, the 
skin acquires a bluish tint (see <^anos!S, p 263) This is seen most 
commonly m subjects with heart disease, the slowing then being due 
to failure of the heart pump But slowing of the cutaneous blood flow, 
to a less degree, may occur m normal persons if exposed to cold 
When the body is chilled, the artenoles of the skin become constnclcd 
(an attempt on the part of the body to conserve heat, p 376), as a 
result of the diversion of blood to deeper parts, the blood flow through 
the capillanes of the subpapillary venous plexus may be slowed to 
such an extent that a definitely blue tint is given to the skin, especially 
ot the finger lips, ears, and nose (See also pp 376-1 ) 

The blood supply to the heart muscle, or coronary circulation. The 
heart of mammals possesses a W’ell developed system of vessels — 
arteries, arterioles, capillaries, and veins The blood is delivered to the 
heart muscle by the right and left coronary arteries (PI 7A) and, 
after passing through the small vessels, is drained into the right auricle 
by a large vein known as the coronary sinus (which receives blood 
from the great, middle, and small cardiac veins) and by the two 
anterior cardiac veins A number of smaller and more deeply situ- 
ated veins known as the veins of Thebesms, after an eighteenlh-cen 
tury anatomist who first described them, empty directly into the 
auricular and ventncular cavities About 60 per cent of the blood 
escapes from the coronary system by the coronary sinus, the re 
mainder by the anterior cardiac veins and the veins of Thebesius The 
coronary artenes arise from the aorta just beyond the attachments 
of the aortic valves 

Unlike any other organ or tissue of the body, the greatest flow of 
blood through the heart muscle tak« place during the diastolic phase 
of the heart During the ejection phase of ventncular systole, the 
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coronary blood flow is greatly reduced, for the cardiac muscle fibers 
when they contract compress the coronary vessels; the flow of blood 
is then reduced through some vessels and completely arrested through 
others. 

The mean blood pressure during the diastolic phase of the cardiac 
^cle is, therefore, the important factor in filling the coronary vessels 
and determining the magnitude of the coronary blood flow. 

The coronary vessels receive fibers from both the vagus and the 
sympathetic nerves. The vagus causes vasoconstnction; the sympa- 
thetic nerves cause vasodilatation Adrenaline also causes dilatation 
of the coronary vessels, in animal expenraents, a threefold increase 
in coronary blood flow has been obtained by the use this substance. 

Angina pectoris and coronary occlusion. The term angina pectoris 
means breast pain, and is used to denote an attack of pain, usually 
severe, felt beneath the breast bone (sternum), and m many cases 
in the left shoulder and arm It is due to the heart muscle being in- 
adequately supplied with oxygen. The commonest cause is disease 
(arteriosclerosis) of the coronary vessels. The disease causes narrow- 
ing of the caliber of the arteries and, as a consequence, reduces the 
blood supply to the heart muscle The attack most frequently follows 
some muscular effort or emotional excitement which increases the 
cardiac output — that is, the work of the heart la other words, the 
heart is called upon to do work for the performance of which it is 
unable to obtain an adequate supply of oxygen A drug such as amyl- 
nitrite, or nitroglycerine, both of which are dilators of the coronary 
arteries, is commonly given to arrest an attack. 

The severe pain associated with angina pectoris is believed to be 
due to the action of a chemical upon the nerve endings. This sub- 
stance, when the oxygen supply to the heart is adequate, as in health, 
is removed or destroyed about as quickly as it is formed, but when 
the supply of oxygen is defldent its accumulation within the heart 
muscle ^ves rise to anginal pain. 

Complete occlusion of a large branch of a coronary artery is not 
an uncommon event. The occlusion is usually the result of the clotting 
of blood within a vessel (thrombosis) that is the seat of arterio- 
sclerosis. Coronary thrombosis, or occlusion of a large coronary 
branch from whatever cause, is accompanied by intense pain, nausea 
and vomiting, breathlessness, and collapse. Death may occur almost 
instantly. If recovery takes place, the area of heart mmcle deprived 
of its blood supply dies (necrosis), and is replaced by scar tissue. 
Rupture of the diseased area may, however, occur before healing 
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has taken place The electrocardiogram taken shortly after an attack 
shows certain special features which are of the greatest value m diag 
nosis 

The pulmonary circulation. The Mood passes from the nght to the 
left side of the heart through the lungs The same quantity of blood 
as IS discharged xn a given time by the nght side of the heart is re 
ceived and discharged by the left In other words, the quantity of 
blood passing through the lungs per minute is the same as that pass- 
ing through the systemic circulation The vessels of the pulmonary 
circuit, as of any other part, consist of artenes, arterioles, capillanes, 
and veins The mam artenal vessel is called the pulmonary artery It 
arises from the right ventricle and carries venous blood — that is, blood 
in which the hemoglobin is in the reduced slate The mam veins are 
four in number (two from each lung), they contain artenal (oxy- 
genated) blood, which they deliver into the left auncle ^ 

The capillaries of the lung differ from those of any other tissue in 
that they are separated from air only by the very delicate and incom- 
plete membrane composing the walls of the pulmonary alveoli The 
pulmonary capillaries can increase their capacity to a relatively great 
extent Ordinarily the lungs contain from 6 to 10 percent of the total 
amount of blood in the body, but under certain conditions they may 
contain 20 percent of the total blood volume If, for example, there is 
some resistance on the left side of the heart (e g , mitral stenosis or 
weakness of the left ventricle) while the right ventricle continues to 
contract forcibly, the pressure lo the pulmonary circuit rises, the capil- 
lary bed becomes distended, and a much greater volume of blood is 
contained in the lungs This is likely to cause breathlessness — a com 
mon symptom of heart disease— because the dilated vessels encroach 
upon the pulmonary alveoli (p 230) The greater amount of blood 
in the lungs also reduces the distensibihty of the pulmonary tissue 
The lungs are “stifler” and do not distend and deflate during respira 
Lion wah their normal tcsilvency This tends Lo impair the exchange 
of the respiratory gases between the lungs and the atmosphere 

The pressure in the pulmona^ circulation is about one sixth of 
that m the systemic circulation In the dog, the mean pressure in the 
pulmonary artery is around 25 mm Hg as compared with 130 to 150 
in (he aorta 

Vanations m intralhoraclc pressure occur during ordinary quiet 

* Ttie blood carried to the lun^ by the pulmonsry artery does not serve to 
supply the pulmonary tissue itself with and nutnment This function devolves 

Ofcrt the systemic circulatjon. The brondud tree and pulmonary tissue are supplied 
by branches of the aorta. 
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respiration. The intrathoracic pressure amounts to about —6 mm Hg 
during inspiration, and about —2.5 mm Hg during expiration. More 
blood, therefore, is “sucked” into the great veins of the thorax and 
right auricle during inspiration than during expiration; more blood 
is discharged from the right heart into the pulmonary system during 
inspiration. The quantity of blood received and given out by the left 
side of the heart must, of course, vary with the quantity discharged 
by the right side. The variations in output of the left ventricle cause 



Fig 4.60 illustrating the effect of the respirations upon the blood pressure. 


corresponding fluctuations in the systemic blood pressure. The in- 
creased discharge of the left ventricle and the rise in systemic blood 
pressure are not, however, synchronous with inspiration, but owing to 
the increased vascular capacity of the Jungs themselves, caused by 
the inspiratory movement, are somewhat delayed The rise in systemic 
blood pressure caused by inspiration, therefore, does not commence 
until near the end of this movement, and reaches its maximum toward ' 
the end of expiration (see Fig. 4.60), 

The pulmonary vessels are supplied with fibers from the sympa- 
thetic and the vagus. The former arc mainly vasoconstrictor in action, 
the latter mainly vasodilator. 

The hepatic circulation. The blood from the gastrointestinal tract 
and spleen is collected by the portal vein and conveyed to the liver. 
The blood from the small intestine contains materials derived from 
the food — that is, glucose, amino acids, as well as a proportion of the 
fat. The portal vein breaks up within the liver into numerous 
branches; its smallest subdivisions run between the lobules of the liver. 
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and are called interlobular veins. These open into capillarylike (but 
relatively wide) vessels called sinusoids, lying between rows of hvcr 
cells (the liver cords). All the sinusoids of a liver lobule converge 
toward the center of the lobule where they drain into a central vein. 
The central veins drain in turn into a system of larger (sublobular) 
veins which ultimately join to form vessels called the hepatic veins: 


HEPATIC ARTERY 



these open into the Inferior vena cava (see Figs. 4.61 and 8.28, 
p. 330). Thus the portal vein resembles an artery in that it breaks up 
into branches which lead into capillary vessels. It, therefore, lies be- 
tween two capillary beds, one in the gastrointestinal tract and spleen 
which it drains, the other in the liver to which it is distributed. The 
blood of the portal vein has a pressure of only from 10 to 12 nun Hg; 
it has a relatively low content of oxygen and a relatively high content 
of carbon dioxide. But the liver cells must receive well-oxygenated 
blood under high pressure. This is delivered through the hepatic artery 
— a branch of the celiac artery. The latter vessel arises directly from 
the abdominal aorta The blood of the hepatic artery is delivered into 
the sinusoids of the liver where it mixes with the blood of the portal 
vein (see Fig. 4.61). Thus, whereas the portal blood carries blood 
loaded with digestive products which are subjected to various changes 
by the liver cells, the latter cannot survive if they receive only the small 
quantity of oxygen which il^ blood can supply. The function of 
supplying the hepatic tissue with adequate quantities of oxygen de- 
volves upon the blood of the hepatic artery. 

The cerebral circulation. Blood is delivered to the brain through 
two pairs of arteries — the interna] carotids and the vertebrals— and 
is drained away by the internal jugular veins. The vertebral artery is 
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a branch of the subclavian artery. It must be remembered that the 
brain is enclosed in a rigid case— skull. Since the contents of the 
skull — brain, blood, and cerebrospinal fluid — are incompressible, their 
volume can alter very little from time to time. More blood can be ac- 
commodated in the cranial cavity only through the displacement of an 
equal quantity of cerebrospinal fluid into the spinal canal, where room 
is made for it by the stretching of membranes situated between the 
joints of the vertebrae. Though the quantity of blood within the skull 
changes comparatively little from time to time, the velocity of the blood 
flow through the cerebral vessels varies considerably. The flow is deter- 
mined largely by the blood pressure in the rest of the body, a rise in 
pressure in the aorta increasing the cerebral blood flow, and vice 
versa. For example, when a person assumes the standing position, the 
carotid sinus and aortic nerve mechanisms come into play andiprevent 
a fall in the pressure of blood in the arteries going to the head, which 
otherwise would result from the effect of gravity upon the circulation. 
The brain is thus assured of an adequate blood supply. 

The flow through the brain is dependent also upon the pressure gra- 
dient — that is, upon the difference between the pressures m the cere- 
bral arteries and the cerebral veins. An increase in the pressure in the 
internal jugular veins (the pressure In the cerebral arteries being un- 
changed) will therefore tend to diminish the cerebral Wood flow. 

Variations in the blood flow through the cerebral vessels can occur, 
however, quite independently of the general blood pressure for, though 
denied for years it is now accepted that these vessels are supplied with 
nerves, which can bring about active changes in vascular calibers. 
Though the systemic blood pressure remains unchanged, an increased 
cerebral blood flood can therefore be effected through intracranial 
vasodilatation. Constriction of the cerebral vessels, with a constant 
splemic pressure, will cause the opposite effect — namely, a reduction 
in the blood supply to the brain. The vasodilator fibers to the cerebral 
vessels are derived from the facial nerve; the vasoconstrictors, from 
the sympathetic. 



CHAPTER^* 

TJu Defensive Mechanisms 
of the Body against Disease 
and Injury; Shock, 
Anaphylaxis, Allergy 


IntectiDg agents Man animals, and plants are constantly liable to 
attack by many lower forms of Iife^namely, bacteria fungi or molds 
(which cause nngworm and other affections of the skin), and proto- 
zoans These latter are the infecting organisms m some of the most 
virulent of human diseases such as malaria amebic dysentery, Afri 
can sleeping sickness etc Bactena and fungi belong to lower orders 
of the vegetable kingdom Protozoa are unicellular ammal forms 
(Fig 5 1) 

The viruses, another large group of infecting agents, are the cause 
of a number of well known diseases such as measles mumps chick- 
enpox, smallpox influenza one type of pneumonia anterior polio 
myelitis (infantile paralysis), rabies, psittacosis (a disease of parrots 
and allied species transmissible toman), and the common cold They 
are also responsible for several diseases of plants and even attack 
bacteria * It is the general opmion that viruses are living organisms, 

* VImses that infect bactena are called bacteriophages There are several vane 

bMiu1*etc*** attacks a spectSc type of bacienum— eg staphylococci colon 
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or relatively large molecules of nucleoprotein (p 366) on the border 
line between the living and the nonliving They are of minute size, 
as compared with bacteria, most are invisible under the ordinary 
microscope and pass readily through a fine filter (fiUrable viruses) 
Unlike bactena, they cannot be grown apart from Iivmg cells The 
intensely infective nature of these agents is evident from the fact that, 
m the case of one at least, the particular disease of which it is the 
cause can be transmitted by as small an amount as 1 cc of a solution 
containing it in a dilution of only 1 part m 10 billion 
It had been suggested by various medical scientists from time to 
time throughout the centuries even m Roman days, that disease was 
caused by minute invisible particles earned in the air But it re- 
mamed for the French chemist, Louis Pasteur (1822-95) to demon 
strate that many diseases were caused by living organisms which we 
now know as bacteria Joseph Lister (later Lord Lister, 1827-1912), 
an English surgeon, brought Pasteur’s discoveries to bear upon the 
practice of surgeiy He showed that if strict antiseptic methods were 
applied, wounds would remain surgically clean — that is, free from in- 
fection The work of these pioneers has made possible the great ad 
Vances in surgeiy that have marked the last 90 years or so 
But even before this, Ignaz Semmelweis (1818-65) of Vienna and 
Oliver Wendell Holmes m Amenca showed clearly to unprejudiced 
minds, (of which there were few at that time) that puerperal fever 
(blood poisoning following childbirth) was caused by an invisible 
something carried to the patient on the hands and instruments of the 
attending physician, and that death from this disease, which m hos- 
pitals sometimes reached almost the proportions of a plague, could 
be greatly reduced by the use of antiseptics See Figures 5 2, 5 3, 5 4, 
and 5 5 

fiactenal fonns. The types of bactena are mnumeraWe, but fortu 
nately only a small proportion cause disease Also, only a relatively 
few kinds of fungi and Protozoa threaten man or animals Several 
bacterial forms are actually beneficial to man and some are even es- 
sential for human welfare Those, for example which inhabit the in- 
testmal tract effect the final breakdown of food material with the 
formation of gas which, together with the bulk by which the bactena 

This calls to mind Dean Swift s amusing little rhyme which was wntlen at least 
100 years before bacteria were discovered 

“So naturalists observe a flea 
Hath smaller fleas that on him prejr 
And these have smaller stiU to bite ’em. 

And so proceed ad Infinitum “ 
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Fig 5 I Some pathogenic nucroorganisms 
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The cocci are dotlike bodies (Gk. kokkos, a berry) which appear 
singly, in pairs {Diplococci, a species of which causes lobar pneu- 
i:noma)t In clumps like grapes iS/aphyloc&cci), or in chains (S/rep/o^ 
cocci). These last two types arc the cause of acute pyogenic inflam- 
matory conditions. One strain of streptococcus is the cause of scarlet 
fever. 

The bacilli are rod-shaped organisms; examples of which are the 
typhoid, tetanus, and diphtheria bacilli and the tubercle bacillus. 
f : Spirilla are slender organisms possessing a shape like the shaft of a 
/corfecrew. 

The spirochetes, one genus of which is the cause of syphilis, have 
a slender spiral structure. 

The reactions of the tissues to infecting agents. A pathogenic or- 
ganism or virus shows, as a rule, a highly selective action with respect 
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to the tissue which it or its to™ injures, and the symptoms charac 
tenst c of the disease which it causes ate the manifestotlons or the 

i^fs on of llio tissue cells to 

jasion by the particular type of microorganism or virus The toxin 

lowenng the resistance” at synaptic junctions, so that a relatively 
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Chiefiv the mm centers in the bram, the latter destroyinj 

uteration ZT Th= typho'ti bacillus caise 

toc e baciuL v' "■'"’brane of the small intestine, the tu 

imnt tissues^ predilection chiefly for pulmonary, bone, ant 

tena of venei? bo attacked) The bac 

show rau^h les '"f'‘^*’0"a fbe staphylococci and streptococci, 

l7is“lso7v„m 7 P n.; spirochete of syph 

■issue mL r n., 1 or any other 

are however ns ^i reactions of the tissues that it infects 
teri'stic The infeclerf i tubercle bacillus quite charac 

small round ceUs mosflv'hmnhJL'”"' °c '^P“ attracting 
» y lymphocytes, which form masses around 
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the invading organism Thus a tubercle is formed m the case of tuber 
culosis, or a tumorlike structure called a gumma if spirochetes of syph 
ills ate the invading organisms 

The processes of immunity The body is capable of putting up a de- 
fense which IS, m part or entirely, successful against the inroads of 
most of the bacteria and viruses The protection when it develops 
fully IS called immunity One who has suffered from an attack of small- 
pox for example, cannot (except, perhaps, in the rarest instance) 
contract the disease again With respect to that particular disease he 
IS immune Vaccination also confers immunity against smallpox 

The defenses of the body against the various disease producmg 
(pathogenic) organisms depend upon the activity of livmg cells Cells, 
such as the neutrophil polymorphonuclear leucocytes and certam wan 
denng cells of the reticulo endothelial system exert their protective 
action m an obvious, overt or, one might say, in a mechanical way, 
they ingest the bactena The phagocytic property of the neutrophd 
leucocytes has been already described m Chapter 3 The immunity 
which the leucocytes confer is not specific, for they attack various types 
of bacteria mdiscnmmately though they are particularly active against 
the pus producmg (pyogenic) forms Other cells of the body, espe- 
cially the lymphocytes in the lymphoid tissue generally, through- 
out the body, produce and liberate chemical substances closely asso- 
ciated with the globulin of the plasma, which have a specific neutral- 
izing or destructive action upon the agent causing the disease These 
substances which go under the generic term of antibodies are as it 
were, made to order, each for protection against only one pathogenic 
agent Thus the antibody which is responsible for immunity against 
smallpox IS inactive against measles or any other infectious disease 
There are several types of antibody — namely, antitoxins — which 
combine with and neutralize the bacterial poison, a substance gen- 
erally called a toxin Others called cytol^sins or baeteriolysins destroy 
the foreign cell itself, to this group belong the specific hemolysins (p 
84) which cause the destruction of the red cells of one species when 
injected into the blood of another Agglutinins with which we are 
familiar (they were refened to in connection with the blood groups, 
p 78) render bacteria innocuous by clumping them together in a 
ma« Agglutinins are produced in the blo^ of a patient suffenng 
from typhoid fever A test for the diagnosis of tj’phoid fe\er is based 
upon this fact, the serum of a patient with typhoid fever alone is cap- 
able of agglutinating a suspension of typhoid bacilli Other antibodies, 
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known as prectpiUns, form an insoluble compound with the bacterial 
toxin and with foreign proteins • 

The foreign agent — whether a red cell in incompatible blood, a 
tissue cell of another species, a bacterial cell, or a virus, which stimu 
lates the tissue cells of the host (i e » of the infected person or animal) 
to produce the antibody — is called an antigen (anti [body] + Gk root 
gen, to form or produce) The response of the tissues of the host to 
the antigen and the production of the antibody, together with the re- 
action between the two, is called the antibody antigen reaction Paul 


-- 


Fig 5 6 Diagram illustraUng (he 
production of antitoxin according 
to Ehrlicb s side chain theory ^ = 
toxm black toxophore group 
blank circle haptophore group 
> receptors or hapuns of body 
cell which join with the haptophore 
group of the toxin and ibrough 
which the htler exerts its harmful effect upon the cell Under the stimulus of 
the toxin (antigen) recepton are produced in excess and escaping into the gen 
oral blood stream constitute the antitoxin 



Ehrlich of Berlin (1854-1915) many years ago sought to explain this 
reaction and the immunity which it conferred by what has come to 
be known as Ehrlich’s side cham theory of immunity (see Figs 5 6 
and 5 7) Thus, m the case of immunity due to an antitoxin, he con- 
ceived that the protoplasm of the tissue cells, stimulated by the anti 
gen, formed and pul forth active chemical groups, or sirtc-chams, 
called receptors or haptins these combined with the bactenal toxin, 
and, being thus linked to the tissue cells, brought about the injury 
cbaractenslic of the disease But the tissue cells produced an excess 
of such receptors which, becoming detached passed into the general 
circulation where they combined with toxin before it could reach and 
damage the cells These free receptors constituted the antitoxin The 
same conception could be made to embrace other types of antibody 
Ehrhch suggested that the toxin molecule possessed two active chemi- 
cal groups, one, known as the toxophore group, was responsible for 
its injurious action The other, called the haptophore group, united 

* A delkate and specific lesi for human biood In medico-Icgal (murder) cases Is 
based on the precipitin reaction A rabbit u given a senes of Injections of a solution 
of human blood or serum When the serum of ihe rabbit which as a result of the 
Isjections has developed a precipitin active against human serum is added to a speci 
men of the suspected blood (c g from staim on clothing, a presumed weapon etc.) 
dissolved In a test tube a slight cloudy ptecipitaie appears it the material in question 
Is bnman blood. If It u the blood of an ammal the solution remains clear 
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with the cell receptor or haptin, and thus enabled the toxin to bring its 
action to bear upon the tissue cell. 

Three types of immunity are recognized: natural, active, and por- 
sive. Natural immunity, also called inborn or innate, is that which has 
not been acquired by a previous attack of the disease, or in any other 
way. Thus, we are naturally immune to some diseases which afflict 
animals, and they possess a natural immuni ty to a great many human 

Fig 5 7 Diagram 
illustrating the pro- 
duction and action 
of specific cytol- 
ysms, hemolysins, 
bactenolysins, etc. 

According to Ehr- 
lich’s theory a sub- 
stance destroyed by 
heat and called the 

complemtnl (Y) “ BODY CEU. A 
present m nearly all | 

normal sera It be- 1 

comes joined to the receptor ( ^ ) of the foreign cell by means of another sub- 
stance called the amboceptor ( V )» tniermediary, or immune body When this 
union takes place the foreign cell is destroyed The amboceptor, which u not 
destroyed by heat, is produced by the body cells of the animal receiving the in- 
jection of antigen— e g , foreign cells bactena, blood cells, or tissue cells of an- 
other species, It IS specific, having a destructive action only upon the kind of 
cells which were injected The complement is nonspeafic, its nonspecificity can 
be demonstrated in the following way When the immune serum is heated, the 
complement but not the amboceptor is destroyed and the serum loses its cytolytic 
action; this is iraroediately restored, however, by adding any normal serum. 

diseases — for example, measles and typhoid fever, to mention only 
two Many persons appear to be naturally immune to anterior polio- 
myelitis, and to some other human diseases 

Active immunity is that which has been developed as a result of the 
activity of the body’s own cells, as when a person has recovered from 
an attack of an infectious disease, or has had the antigen administered 
by injection as explained below. 

Immunity produced by the injection of an antibody — e.g., diph- 
theria antitoxin — formed in the body of an animal or of another per- 
son is called passive. Diphtheria antitoxin, for example, is produced 
by the horse into which the toxin (antigen) of diphtheria has been 
injected. Serum from such animals is employed in treating diphtheria 
in patients suffering from this disease. In a similar way, serum from 
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patients who have recently recovered from a disease — such as measles, 
scarlet fever, or anterior poliomyelitis — is used to immunize passively 
another person suffering from the same disease 
It IS not always easy to say whether a person who has been exposed 
to some infection or other, but docs not “catch” it, is naturally immune 
to the disease or has been actively immunized against it by having at 
some time previously contracted it m such a mild form that it was not 
recognized An apparently natural immunity probably occurs in this 
way to the virus of anterior poliomyelitis and to the typhoid bacillus 
Active immunity may be conferred artificially in order to prevent 
persons from contracting a disease should they be exposed to it They 
are injected (inociilafad) with an emulsion of bacteria which have 
been killed by heat or chemical means The toxin is not destroyed, 
and It IS the essential antigenic substance Such preparations of dead 
bacteria are called \acctncs This method of immunization is em- 
ployed against typhoid fever and infections with pyogenic organisms 
Other methods of vaccination arc practiced for protection against 
the viruses of smallpox, anterior poliomyelitis and rabies Immuniza- 
tion against smallpox is carried out by infecting the subject with a 
mild form of the disease known as cowpox * The lymph of calves 
which have been inoculated with the disease is pnek^ or lightly 
scratched into the subject s skm In the case of rabies (hydrophobia), 
the victim of the disease is inoculated with a solution of the virus 
which has been weakened by drying and aging Finally, the toxin of 
(he causative organism — c g , that of diphtheria or of tetanus (lock- 
jaw) — may be rendered nontoxic by chemical treatment without de- 
stroying Its antigenic properties — that is its ability to stimuhte anti 
* Vaccination against smallpox has a long hisio;y it was practiced in Eastern 
countries especially China and India many hundreds of yean ago The method 
employed before Jenner was a rather dangerous procedure But considering the ler 
fible ravages of smallpox it was (ustiRcd In this old method the person whom It 
was desired lo protect against smallpox was inoculated with a lillle material (usually 
first dried! from a pustule of a paueni recovering from Uie d sense The virus being 
in a weakened state caused except rarely a rotld form of the disease tn the tnocu 
Jated person This method was introduced into England in the eighieenih century 
Jenner an English physician originated the modem meihod of vaccination 
against smallpox in ni>6 The idea came lo him from Ihe remark of a milkmaid “I 
cannot take the smallpox for I have already had the cowpox The inuh of this 
xtalement wax known generally among Ihe country people of Ihe district Jenner 
accordingly inoculated a boy of 8 years named James Phipps with pus from the 
hand of a dairymaid infected with cosvpox Cowpox though allied lo smallpox is a 
Huitc mild discsse Two months later Jenner inoculated the boy with virulent small 
pox virus This the crucial lest proved the efficacy of vaccinalion Phipps dd not 
contract smallpox An ouisiandmg example of the value of vsccinal on apinst small 
pox lx afforded by the statist cs of the Franco-Prussian War (1870) in the Prustiaa 
Army but not In the French vaccination was practiced Only a few Prussian sold ers 
died of smallpox but several thousand French soldiers succumbed to the d sease. 
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body production. In other words, acco«iing to Ehrlich’s theory, the 
toxophore groups but not the haptaphore groups of the toxin are 
destroyed. Immunizing agents prepared in this way are called toxoids. 
By the administration of diphtheria toxoid of young children, deaths 
from diphtheria, which used to run into high figures annually, have 
been reduced almost to the vanishing point. 

Another immunizing procedure, especially against measles and in- 
fectious hepatitis, is the administration of gamma globulin (pp. 58 
and 101). 

Pain and rest. The pain and temporary loss of function of an in- 
flamed or injured part are definitely protective provisions. Though 
we may think that pain has been imposed upon us by a malicious 
nature and could be dispensed with, we would soon be destroyed 
were it not for the warning which it gives of injury or of a threat of 
injury. In a certain nervous disease affecting the sensory fibers in the 
spinal cord which carry impulses giving rise to the sensation of pain 
and temperature from the hands, the patient is continually damaging 
his fingers; sores develop from such injuries, which are neglected be- 
cause they cause no discomfort. It is also true that the most potent 
stimulus for evoking a protective reflex, such as jerking the hand away 
from a hot object, is a painful one. In the case of the eye, the winking 
reflex which shields the eye is extremely sensitive. Even the sight of 
an approaching object which might injure the eye will elicit the reflex; 
a stimulus applied to the cornea, the anterior surface of the eye which, 
if directed to any other part of the body surface would result in noth- 
ing more than a mild sensation of touch, when applied to the eye in- 
stantly causes a reflex closure of the eyelid. The cornea is richly sup- 
plied with pain fibers which have a very low threshold; almost any 
stimulus, except the very blandest such as a gentle jet of warm water, 
if it gives rise to any sensation at all, causes pain. 

Of an importance as a protective device, nearly as great as that of 
pain, is the suspension of function in an injured structure. Rest, 
whether of a broken bone or a lung, enables the healing power of 
nature (vis medicatrix naturae) to exert most effectively its beneficent 
action. In some instances, such as in pulmonary tuberculosis where 
one lung is solely or predommanlly affected, man, by artifice, does 
what nature cannot or fails to do. TTie severely damaged lung is im- 
mobilized — that is, put at rest by collapsing it (as by the injection of 
air into the pleural cavity of that side) or by cutting one phrenic 
nerve, and thus paralyzing the corresponding half of the diaphragm. 
So, also, a broken bone is immobilized by putting it in splints, and in- 
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flamed eyes are protected by a bandage or dark glasses (though some 
natural protection is afforded by contraction of the pupil and closure 
of the eyelids). Pain, of course, not only serves to warn and protect, 
but forces a part to be pul at rest. 

A recapitulation of protective mechanisms described elsewhere. 
There are a number of other defensive measures which the body can 
take against the variety of adverse conditions and dangers occurring 
in an ever-changing environment Among such provisions of nature, 
most of which have been or will be dealt with elsewhere in this book, 
are: the coagulation of the blood and the other reactions which 'tend 
to ensure against fatal hemonhage (pp 102 and 76); the protection 
against a general blood infection afforded by the lymph nodes; the 
cilia and mucus of the upper respiratory passages as well as the cough 
reflex which serves to prevent the entrance of foreign material into the 
finer airways of the lungs (p. 258); and the reactions of the sympatho- 
adrenal system (pp 424 and 564). 

Finally, it should be mentioned that in order for the various safe- 
guards to serve their purposes most cff«:tively, since they are manifes- 
tations of living cells, all physiological processes must be maintained 
in states of prune eiflciency. Unless this is so, the nonnal biochemi- 
cal balance of the internal environment (Homeostasis, p. 53) is not 
secured. When the general health Is undenpined, a way is opened 
lot Invasion by pathogenic microorganisms. t)iabetic patients, for ex- 
ample, are especially susceptible to infection; victims of this malady, 
and of nephritis and other general d'iseases, are often carried off, not 
directly by the disease itself, but by some “intercurrent infection” such 
as pneumonia or a septic condition. 

Chemotherapy. This is the treatment of disease by the administra- 
tion of a chemical compound, in many instances synthetic, by means 
of which the causative microorganisms are destroyed within the body 
of the patient, or their multiplication arrested The science of chemo- 
therapy has made enormous strides withm the last 15 or 20 years. The 
aim of the investigator in th'is field is to prepare a chemical compound 
that acts selectively against one or more types of pathogenic organ- 
ism, but, in the dosage used, exerts little or no toxic action upon the 
patient. 

Paul Ehrlich, the founder of the science of chemotherapy, intro- 
duced some forty years ago an arsenical compound having a destruc- 
tive action upon the spirochetes of syphilis. U was named Snh'orsan 
Of arsphenamine It was also commonly known as “606” (six-o-six) 
because it was the last of a long series of compounds (presumably 
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606) which had been expenmented with in the search of a cure for 
syphilis Several compounds of arsenic and antimony have since been 
synthesized which are active against the protozoan organisms of 
malana, Afncan sleeping sickness, and other tropical diseases 

The "sulfa'' drugs In 1928, it was discovered by Dr Domagk, a 
German scientist, that prontosil, a red dye, when administered to mice 
enabled them to withstand an injection of patheogenic bacteria that 
was ordinarily lethal It was found later that a chemical group con- 
taining sulfur was the active antibacterial agent This compound was 
prepared separately, it is colorless and known as sulfamlaraide The 
use of this drug and its derivatives — the so called "sulfa" or sulfona‘ 
mide drugs — ^has opened up a fresh vista m chemotherapy Several 
bacterial diseases from which the death rale was extremely high have 
been treated with these compounds with spectacular success A large 
number of derivatives of sulfanilamide have been synthesized, such 
zssulfapyidme, sulfaihiazole, sulfacetamide, and sulfadiazine, to men- 
tion those in most common use The sulfonamides are not equally 
active against different bacterial forms One drug may be active against 
one group of bacteria but may fail against another group 

Antibacterial agents such as the “sulfa” drugs do not kill the bac- 
tena, like antiseptics or other chemicals such as the arsenical com- 
pounds They prevent the bacteria from multiplying They are bac- 
teriostatic^ (L jra/os, standing) TZther than bacteriocidal (L caedo 
I kill) 

Antibiotics An entirely new class of highly effective antibacterial 
agents has been discovered within recent years These substances 
known as antibiotics, are obtained from other living organisms, espe- 
cially fungi, molds, and bacteria It was through a happy accident 
and alert observation that the first of these principles was discovered 
In 1929, Dr (later Sir) Alexander Fleming, an English bactenol- 
ogist, noticed that the growth of a culture of staphylococci, which 
had been exposed to the air of the room, was arrested m the neighbor- 
hood of the growth of a mold that had fallen upon the same culture 
plate He suggested that the mold had produced a substance mimical 

tothebactena Dr (later Sir) H Florey and his associates at Oxford 

mstituted a series of experiments during 'World War n which re- 

» The mode of action of sulfanitamide is believed to be as follows a facto 
the vitamin B complex para ammobenzoic %cid is an essential requirement for sL^* 
enzyme system m the bacterial cell Owing to the similarity of their chemical 
turcs the “sulfa" drug and the vitamin compete for inclusion in the enzvme*™^ 
tem >Vhen the drug is taken up by the latter, the entrance of the viiamin mt 
system is "blocked " The enzyme is thus rendered inactive, and the ® Uie 

able 10 muluply *" » 
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suited in the isolation o{ the antibacterial principle from the mold 
The mold had previously been identified as Pemalhum notalum, the 
active principle v.as, therefore, called pemalhn Both Fleming and 
Florey recehed the Nobel Pnze m 1945 
A number of antibiotic principles have since then been isolated 
from various molds and bacteria The most valuable of these agents 
are streptomycin, tcrramycm* aureomycin, and tyrothncm Strepto- 
mycin IS obtained from the funguslike bactcna, Streptomyccs it is 
active against the tubercle bacillus and a number of other pathogenic 
bacteria Aureomycin is furnished by another species of Strcpto- 
myces, it is active against some virus infections and several types of 
bactcna Tyrothncm is derived from a bactenal form found in milk 
and soil, it is especially valuable for local application m staphylo 
coccic and streptococcic infections of the skin Most of the anti 
biotics are bacteriostatic in their action, but some are also bacterioci- 
dal Others are active against pathogenic fungi 

Pathogenic organisms show a remarkable adaptability to the ac- 
tion of vanous agents employed against them They tend to become 
gradually resistant and can then tolerate larger doses of the anti 
bactenal substance When this occurs, the physician’s strategy when 
feasible, is to attack with some other antibacterial substance Another 
person may become infected with the resistant bacteria When, for 
example, infection is derived from a patient with tuberculosis treated 
with streptomycin the effectiveness of this valuable drug, in so far as 
the second infected person is concerned, is greatly reduced 


Shock 

Shock IS a term which has been given to a number of different con- 
ditions associated with a stale of prostration or collapse A variety 
of qualifying words is used to distinguish the several, often unrelated, 
states to which the term shock has been applied Primary or ner\ ous 
shock, secondary or traumatic shock, anaphylactic shock, hemor- 
rhagic shock, shell shock, spinal shock, and insulin shock are a par- 
tial list of such slates Two severe lypes of shock — secondary or 
traumatic shock and anaphylactic shock — ^will be described 

■ Terramyctn tuTcomycin art »lso known ai oxyleiracycllne and chhrieM 
cyeVne respwiively Since Uic isolation and great success of penicillin Ihe most in 
tensive seareh for other antibiotics has been {nstiluted besides Ihe four mentioned 
above a host of new ones have been ist^aled Some of these have proved of great 
<g. erythromycin chloromyeetin baeUracln corbomycin etc.— while others 
arc not very active or are loo toxic for use. 
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Secondary or traumatic shock. Immediately following a severe 
wound, the subject is weak and feels faint and may pass into a state 
of collapse as a result of pain, fright, apprehension, or other emotion. 
This state immediately following an injury is known as primary or 
nervous shock. It is of comparatively small physiological interest 
and docs not end fatally in a previously healthy person. If the wound 
is of moderate severity, the subject’s condition improves after a pe- 
riod of rest and appropriate treatment. If, on the other hand, the in- 
jury is very severe — especially if much blood has been lost — the 
w'ounded person gradually sinks into a condition of great weakness 
with falling blood pressure. This slate of extreme prostration which 
becomes most profound in from 3 to 5 hours following the injury is 
known as secondary or traumaiic shock. It is also known as deferred, 
wound, or surpeal shock. The chief features of traumatic shock arc 
associated with failure of the peripheral circulation — very low blood 
pressure, constriction of the arterioles with dilatation of the capillaries. 
There is usually also a loss of plasma from the circulation into the 
tissues, with a resulting concentration of the blood in red cells, and a 
reduction of the total volume of blood In the circulation. The patient 
usually remains conscious but is extremely weak and listless, with a 
cold clammy skin and a thin faint pulse. Shock has been the subject of 
intensive research, especially during the two world wars, but the under- 
lying cause leading to its development has not been entirely revealed. 
Many believe that it is due simply to a reduction in blood volume, 
either as a result of the loss of plasma into the tissues at the site of the 
injury or to hemorrhage. Others maintain that some other factor, as 
well — probably a blood-pressure lowering principle produced by the 
liver and discharged into the circulation — is responsible for the pro- 
found fall in blood pressure. 

The only treatment which is of any avail in shock is the transfu- 
sion of plasma or of blood, but alt loo frequently even this fails to 
save the patient. 

Anaphylaxis, anaphylactic shock. If an animal is given an injec- 
tion of a foreign protein — such as scrum albumin of another species 
— and after a period of 10 days or more is given a second injection 
bf the same protein, a sudden and great fall in the injected animal’s 
blood pressure results. Death usually occurs within a few minutes. 
The first injection of protein is said to “sensitize” the animal to the 
second injection which may be only a very minute quantity. The 
foreign protein acts as an antigen (sometimes called specifically the 
anaphylactogen) causing the body cells, in the interval between the 
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two ici 3 ections to produce an antibody (p 215), which reacts m some 
way with the second dose of protein The precise nature of this anti 
gen antibody reaction and its relation to anaphylactic shock are not 
altogether clear, but it is generally believed that it is associated with 
the liberation of histamine (an amine derived by the loss of carbon 
dioxide from the ammo acid histidine) and that this amine or a 
closely similar substance is responsible for the effects The anaphy 
lactic reaction shows pronounced species differences with respect to 
the tissues upon which the effects are manifested In the dog for 
example the chief anaphylactic effects apart from the fall in blood 
pressure are upon the liver and alimentary tract there are vomiting 
diarrhea and engorgement of the vessels of the liver stomach and 
intestines In the guinea pig spasm of the smooth muscle of the 
bronchioles occurs and the animal dies in asphyxia The subcutane 
ous injection of antigen into a rabbit causes a severe tissue reaction 
at the site of the injection where an abscess forms and death of tis 
sue ultimately occurs If this animal receives the second dose of pro 
tein intravenously circulatory failure results and the animal passes 
into a state resembling traumatic shock Most of the effects enu 
merated as well as the species differences can be induced by injee 
tions of histamine which strengthens the belief though does not 
absolutely prove that histamine liberation is the cause of the ana 
phylactic manifestations Histamine can be extracted from normal 
tissues but It exists apparently in some innocuous form Large 
amounts arc found m the blood of the dog when anaphylactic shock 
supervenes and in the blood and lungs of the guinea pig The mech 
anism which causes the liberation or accumulation of histamine ifl 
these tissues in anaphylactic shock is unknown 

In man death from anaphylactic shock has occurred on several 
occasions as a result of the injection of foreign serum (horse or bo- 
vine) for therapeutic purposes as m the treatment of diphtheria or 
tetanus the patient having been sensitized by the injection of serum 
at some time previously Milder reactions of an anaphylactoid nature, 
such as skin rashes vomiting or circulatory disturbances, are not 
very uncommon following the injection of foreign serum and arc 
spoken of as serum sickness ” 

Allergic conditions — such as hay fever (from the inhalation of 
pollen dust), gastrointestinal upsets rashes etc caused by eating 
certain foods by susceptible persons — are anaphylactoid in nature 
Essentially similar mechanisms are involved 



Respiration 


CHAPTER ! 6 


All living things, with a few exceptions absorb oxygen The oxygen 
combines with the carbon and hydrogen furnished by food material 
Carbon dioxide (CO,) and water (H,0) are produced These oxida 
tions take place in the cells of the tissues, they generate heat and 
furnish the orgamsm with energy for the performance of work (see 
Chap 9) The carbon dioxide, so formed is eliminated, the oxida 
tion of the hydrogen constitutes an important source of body water 
(the water of metabolism) The exchange of gases (O, and CO,) be 
tween an organism and its environment is termed respiration 
In unicellular organisms and 
many multicellular forms of 
lower orders the gaseous ex 
change takes place directly be 
tween the cells and their sur 
roundings (see Fig 6 1) 

Higher forms of animal life are 
composed of cells of which the 
great mass are removed from 
direct contact with the external 
environment But the cells of 
such higher forms like those of 
the most primitive are bathed 
in fluid This tissue fluid we 
may speak of as the internal environment from it the ceUs absorb 
oxygen (as well as nutriment) and into it the cells discharge their 
waste materials including carbon dioxide (Fig 6 2) Through the 
medium of the blood vascular system oxygen is transported from the 
external to the internal envuonmcnt, thus a steady supply of oxygen to 
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Fig 6 1 Respiration of a unicellular 
organism (e g an amoeba) 
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Fig 6 2 lllustratiDg 

internal reap ration 

Capillary shown filled 
with red cells 


the cells ts secured By the same means, carbon dioxide is earned from 
the tissue fluids In air breathing animals the exthange of gases be- 
tween the blood and the external environment takes place in the lungs 
This IS called external respiration In fish it is a function of the gills 
The exchange of gases between the tissue cells and their fluid environ 
ment is termed internal respiration 


An Outline of the Structure 
of the Respiratory Organs 

The mr passages These are the nasal cavities the pharynx larynx 
trachea bronchi and bronchioles (see Tigs 6 3 and 6 4) The in 
tenor of the nose is divided into two lateral halves by the nasal sep 
turn From the lateral wall of each nasal cavity spring three spurs of 
bone called respectively the inferior middle, and superior turbinates 
(or conchae) 'Hiese mcomplctcly dmde each side of the nose into 
three passages (the meatuses of the nose) Situated between the su 
penor turbinate bone and the floor of the skull is a small recess con 
taming the olfactory epithelium (Chap 13) The mam air currents 
do not enter this recess the meatuses of the nose alone serving as 
airways The meatuses arc lined with ciliated epithelium the move 
meats of the cilia are toward the extenor, thus mucus and dust or any 
other foreign particles that ma) enter the nasal passages m the m 
spired air, arc earned to the nostrils 
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Fig 6.3 The inner surface of 
the outer wall of the nose. 

1, inferior concha (turbinate); 

2, middle concha*, 3, superior 
concha; 4, olfactory nerves; 
5, olfactory bulb; 6, opening of 
auditory (Eustachian) tube 
The arrows indicate the course 
taken by the air in breathing 



The nasal cavities open posteriorly into the pharynx which, there- 
fore, serves as a common passage for the transmission of air to the 
larynx, and of food from the mouth to the esophagus. During swal- 
lowing, the food has the right of way, the respirations being then 
for a moment arrested. 

The larynx. The larynx is situated in the neck in front of the lower 
part of the pharynx and at the commencement of the trachea or 
windpipe. It contains the vocal cords, and will be described more fully 
later. 

The trachea and bronchi. The human trachea is a tube about % inch 
in diameter and 4 inches long, extending from the larynx to a little 
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below Ihe upper boundary of the chest, here it divides into two 
branches — the right and left bronchi Each bronchus enters the corre 
spending lung and divides, like the limbs of a tree, into a number of 
smaller branches The larger of these are also called bronchi, but the 
finer terminal twigs are referred to as bronchioles It is, of course, 
imperative that this important airway always be kept open The 
patency of the trachea is ensured by the presence of a senes of 
C shaped rings of cartilage which support its wall in front and at the 
sides The gaps in the cartilages posteriorly, as well as the intervals 


Fig 6 5 Showing the 
lungs jn rtlatioQ to 
the heart and chest 
wall R-L, right lung 
L.L. left lung H, 
heart N, nipple* D, 
dome of the dia 
phragm 


between them, arc bndged by a strong fibroclastic membrane The 
trachea is lined by ciliated columnar epithelial cells among which are 
many goblet cells The walls of the two main bronchi are constructed 
upon a plan almost identical with that of the trachea, but the cartilage 
in the walls of the smaller bronchi is in the form of thin isolated and 
irregular plates which become smaller and fewer in number with each 
successive branching of the bronchial tree 

The bronchioles are about J mra or less in diameter Their walls 
are composed of smooth muscle lined by mucous membrane of the 
same character as that lining the trachea and bronchi except that 
goblet cells are absent Cartilage is entirely lacking The muscle fibers 
of the bionchioles are arranged curularly Their contraction, there 
fore, causes narrowing of the broncfaiolar lumen In asthmatic attacks, 
marked bronchtolar constnction occurs and is responsible for the 
respiratory distress characteristic of this condition The muscle of 
the bronchioles receives its nerve supply from both the vagus and the 
sympathetic, the former is constncior. the latter dilator in action The 
bronchiolar muscle is also relaxed by adrenaline and ephednne 
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The lungs. The left lung is divided by a fissure into two lobes, an 
upper and a lower (see Fig. 6.5). Two fissures divide the right lung 
into three lobes. The bronchi and all but the very finest bronchioles 
possess no truly respiratory function; no interchange of gases can 
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Fig. 6.6 Diagram of a lung uut. AT, atnum; AS, air sac. 


occur across their relatively thiclc wails. They serve merely as air- 
ways. 

The lung tissue proper consists of an immense number of air 
spaces arranged in clusters. Each cluster is called a lung unit. Each 
of the terminal twigs of the nonrespiratory part of the bronchial tree 
(terminal bronchioles) opens into a lung unit. One of the latter with 
its several named parts — respiratory bronchiole, alveolar ducts, air 
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Fig 6 7 Microscop cal section of pulmonary tissue 


sac; and pxilmonaiy alveoli — 1 $ illustrated diagranunaticaUy m Fig 
ure 6 6 The pulmonary alveoli are seen as from four to six outpouch 
mgs of the cavity of each alveolar sac A single layer of flat cells and 
a neiv-ork of fine elastic fibers compose their walls, a nch network 
of blood capillanes surrounds them Moreover, according to most 
observers the walls of the alveoli are incomplete and show numerous 
gaps In many places therefore the capillary wall alone intervenes 



Hg. 6 8 of a tun| unit 
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between the blood and the alveolar air. Thus the blood as it flows 
through the lungs is separated from the air in the alveoli by, at the 
most, two membranes — the alveolar and capillary walls — so ex- 
tremely thin that little hindrance is offered to the free exchange of 
the respiratory gases. The number of pulmonary alveoli in both lungs 
has been estimated to be about 750,000,000. 

A microscopical section of pulmonary tissue is shown in Figure 
6.7, and a model of three lung units in Figure 6.8. 


The Mechanics of Respiration 

The chest or thorax is a closed cavity, bounded laterally and behind 
by the ribs and the vertebral column; m jront by the ribs and ster- 
num (breast bone); below by a dome-shaped sheet of muscle (the 
diaphragm), which separates it from the abdominal cavity; and 
above by the upper ribs and the tissues of the neck. The lungs, heart, 
and great blood vessels almost completely fill the thorax. 

The lungs are covered by a thin membrane called the pleura, which 
passes from each lung at its root (I e., at the point where the main 
bronchus and pulmonary vessels enter it) on to the interior of the 
chest wall and upper surface of the diaphragm. Thus, two mem- 
branous sacs, called the pleura! cavities, are produced, one on each 
side of the chest, between the lungs and the thoracic boundaries. 
Since the pleura covering the lung and that lining the chest are in 
contact under all conditions of health, no actual space exists; these 
so-called cavities arc potential ones only. In disease, however, air, 
fluid, or blood may collect and separate the pleural layers to produce 
an actual space. 

The part of the pleural membrane lining the thoracic wall is called 
the parietal pleura (L. paries, gen. parietis, a wall), while that por- 
tion covering and firmly adhereid lo the surface of the lungs them- 
selves is called the pulmonary or visceral pleura. Inflammation of 
the pleura is called pleurisy. The inflammatory process may cause 
the production of little or no fluid — dry pleurisy— ot may be accom- 
panied by the exudation of a considerable amount of clear fluid — 
pleurisy with effusion. If the fluid becomes purulent, the condition is 
called empyema. 

The central part of the thoracic cavity lying between the lungs, and 
bounded in front by the sternum and behind by the vertebral column, 
is known as the mediastinum. It is divided for the purpose of descrip- 
tion into an upper and a lower part, called the superior and the in- 
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ferior mediastinum, respectively. The latter consists of three parts— 
anterior, middle, and posterior mediastina. The middle mediastinum 
contains the heart, enclosed in the pericardium, and the commence- 
ment of the aorta The division of the trachea into the right and left 
bronchi is contained in the posterior mediastinum. The anterior me- 
diastinum, m front of the heart, is almost obliterated by the approri- 
mation of the two pleural sacs. It contains only a little areolar tissue 
and two or three lymph nodes. 

The intrapleural pressure. The pressure between the layers of the 
pleura {intrapleural pressure), and indeed throughout the thorax 



Fig. 6 9 Tracing from 
x-ray photograph demon- 
strating the elastiaty of 
the bronchial tree. A, full 
expiration, B, full inspU 
ration. (After Macklin.) 


generally {intrathoracic pressure), is below that of the atmosphere. 
’Hus subatmospheric or so-called negative pressure is due to the elas- 
ticity of the lungs. Before birth the lungs are airless, the air sacs are 
of small size and contain a little fluid The thoracic cavity is filled by 
the almost solid lungs, the heart, and great vessels. The pressures 
within the pleural cavities and in the interior of the lungs are equal. 
With the first breath after birth, the thorax is expanded in all its di- 
ameters This reduces the pressure within the thorax — that is, on the 
pleural aspects of the lungs — and tends to reduce the pressure within 
the air sacs {intrapulmonary pressure) The air sacs, however, are in 
communication with the outside air through the air passages. Atmos- 
pheric air, therefore, enters the lungs to equalize the pressure, and, 
were the lung tissue inelastic, equalization of pressure between the 
atmosphere and the pleural cavities would ^o result. But the bron- 
chial tree and the lung substance itself are richly supplied with elastic 
tissue When the lungs expand and fill the enlarged thoracic cavity, 
the elastic tissue is stretched. The Jungs in postnatal life are, there- 
ore, constantly under tension with a tendency to recoil to their orig- 
inal dimensions. This pull of the elastic lungs away from the thoracic 
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walls, though it cannot separate the layers of the pleura, creates a 
“negative” pressure. 

Throughout life the intrapleural pressure undergoes rhythmical 
variations with the respiratory movements as a result of changes in 
the thoracic dimensions and the consequent variations in the degree 
of stretching to which the lungs are subjected (sec Fig. 6.9). The 
intrapleural (or intrathoracic) pressure is around —6 mm Hg during 
inspiration and —2.5 mm during expiration The importance of the 



subatmospheric pressure within the thorax in aiding the return of 
venous blood to the heart has been pointed out (p. IS3). 

The respiratory movements»(he intake and expulsion of air. The 
drawing of air into the lungs is called inspiration, and its expulsion 
expiration. The capacity of the thorax is enlarged during inspiration 
and reduced during expiration. These two movements alternate rhyth- 
mically at a frequency, in the adult, of from 18 to 20 per minute. 
The rate is more rapid in infants and young children. 

At the end of expiration, the pressure of air within the lungs (inlra- 
pulmonary pressure) equals or nearly equals the atmospheric pres- 
sure. The inspiratory movement, as mentioned above, reduces the 
pressure upon the pleural surfaces of the lung. The air sacs are di- 
lated thereby and the air within them is rarefied — i e., reduced below 
that of the atmosphere. Air, therefore, flows into the lungs until the 
intrapulmonary pressure again almost equals that of the atmosphere. 
During expiration the intrapleural “negative” pressure is reduced, the 
air sacs return to their previous dimensions, and the intrapulmonary 
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pressure rises above that of the atmosphere; air is therefore expelled 
from the lungs. 

It should be emphasixed that the lungs play a purely passive role 
in the respiratory movements. The changes in volume which they 
undergo, and to which the intake and expulsion of air are directly 
due, are brought about solely through changes in the capacity of the 
thoracic cavity. The inspiratory and expiratory movements of the 
thorax may be compared to the opening and closing of a fire bellows 
A pair of bellows, which may be taken to represent the thorax, is 
shown in Figure 6 10. Two clastic bags, contained w'ilhin it and com- 
municating with the outside air through the nozzle, correspond to 
the lungs and air passages. The spaire surrounding the bags is her- 
metically sealed and corresponds to the pleural cavities. Opening the 
bellows (“inspiration”) causes the bags to expand and fill with air; 
closure of the bellows (“expiration”) to the stop S causes their par- 
tial deflation Since the bags, like the lungs, are made of clastic ma- 
terial, they are always tending to recoil against the distending force. 
This “pull," as between the layers of the pleura (i e., in the pleural cav- 
ity), produces a “negative” pressure between the bags and the walls 
of the bellows. 

Having outlined the general principles underlying the ventilation 
of the lungs, the muscular mechanisms whereby the changes in tho- 
racic capacity are brought about will now be described. 

The enla^cmcnt of the thorax during inspiration. All diameters— 
vertical, anteroposterior, and transverse— are increased during the 
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Hg. 6.1 1 Showing position ot 
the diaphragm at the end of a 
full inspiration and a full ex- 
piratloQ, respectively. 


inspiratory phase. Increase in the vertical diameter of the thorax is 
brought about by the descent of the diaphragm. Tbis is an arched ten- 
domuscular sheet which separates the thorax from the abdominal 
cavity. The muscle fibers arise from the spinal column and lower ribs 
and, arching upward and inward, arc inserted into a central leaf- 
shaped tendon. This tendon forms the highest part or dome of the 
diaphragm and is called the central tendon of the diaphragm (Fig- 
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6.11). The central tendon of the diaphragm blends with the under 
surface of the pericardium; on either side of the pericardium the di- 
aphragm is in contact with the bases of the lungs. When the muscular 
fibers of the diaphragm contract, the structure shows little change in 
shape, but is seen under the x-rays to move downward as a whole very 
much like the stroke of a piston (Fig. 6.11). The diaphragm is the 
most important muscle of respiration, about 60 percent of the volume 
of the air respired being due to its action. 

During inspiration the thorax is enlarged in its anteroposterior 
diameter by the movement, into a more horizontal position, of the 
third, fourth, fifth, and sixth pairs of ribs, which at the end of ex- 


Fig 6 12 A. fourth 
and fifth ribs and sec- 
tion of sternum 1, ex- 
ternal intercostal mus- 
cles; 2, internal inter- 
costals, B, diagram il- 
lustrating the action 
of the external intcr- 
costals. C, showing 
axis of rotation of 
nbs in bucket-handle 
movement. 



piration slope obliquely downward and forward (Fig. 6.12 A and 
B.) This movement is brought about by the contraction of the ex- 
ternal intercostal muscles. TTte fibers of the latter take a slanting 
direction across the intercostal space from the lower border of one 
rib downward and forward to the upper border of the next rib be- 
low. When the external intercostal muscles contract, the anterior 
ends of the four pairs of nbs arc elevated and the sternum thnist 
forward and upward. Any downward pull which the contracting ex- 
ternal intercostal muscles exert upon the upper of two adjacent ribs 
is antagonized by the upward pull of certain muscles of the neck 
{scalenus muscles) which are inserted into the first and second ribs. 
Thus the upper of any two adjacent ribs serves as a fixed point for 
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the intercostal fibers, so that, when they contract, the lower rib of 
each pair is raised anteriorly and assumes a more horizontal position 
The part of the thorax bounded by the seventh, eighth, ninth, and 
tenth ribs is increased in its transverse diameter by rotation of these 
nbs around an axis directed from the sternum obliquely backward 
and a little outward (Fig. 6.12 C). At the end of 
expiration these ribs are bowed outward and 
downward, and their movement during inspira- 
tion has been compared to raising a bucket han- 
dle from its position of rest toward the horizontal 
plane (Fig. 6.13). 

ExpiratioD. This phase is effected mainly in a 
passive manner in quiet normal breathing. At the 
end of the inspiratory phase, the external inter- 
costal muscles and the diaphragm relax. The walls 
of the thorax, by virtue of their own weight and 
their inherent elasticity, together with the pull 
exerted by the recoil of the elastic lungs and 
bronchi (see Fig 6 9). return to their original (preinspiratoty) posi- 
tion The relaxed diaphram ascends, being drawn up by the "nega- 
tive” intrathoracic pressure and also by tbe elastic recoil of the lungs 
Accessory muscles of respiration. In forced or difficult breathing, 
certain muscles come into play to facilitate tbe respiratory movt- 
ments, in inspiration, the nostnis and the opening between the vocal 
cords (glottis) are enlarged by muscular action, thus permitting a 
freer entrance of air into the lungs The muscles of the neck (anterior 
and middle scalenus muscles and the sternomastolds) contract and 
raise the first rib, lifting the sternum upward and forward, and in- 
creasing the inspiratory movement of the succeeding ribs. Thus the 
capacity of the thorax is materially increased. During a forced or diffi- 
cult expiration, the abdominal muscles contract and, increasing the 
intra-abdominal pressure, aid in the ascent of the diaphragm. The in- 
ternal intercostal muscles exert a weak expiratory action; their fibers 
run in a direction the reverse of that of the external intercostals; their 
contraction depresses the nbs. Thus, expiration becomes a more ac- 
iKe movement than normal. 

Artificial respiration. When the respiratory mechanism has failed, 
as in the apparently drowned or as a result of carbon monoxide 
poisoning, electrocution, or other cause, some artificial means must 
be employed to bring air into the lungs until natural breathing is re- 
sumed or until all hope of this occurring has been abandoned. 


Fig 6 13 Illustrat- 
ing bucket-handle 
movement of lower 
nbs 
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In any method of artificial respiration, promptness in starting the 
treatment is of first importance. So long as the heart beats, the tissues 
for a time are able to gain a small amount of oxygen from the circu- 
lating blood. But the heart is peculiarly susceptible to oxygen de- 
pnvation and, unless the air in the lungs can be renewed and the 
blood oxygenated, it will soon ce^ to beat. Nervous tissue ako, 
especially the higher centers of the brain, does not survive for more 



than a few minutes after its oxygen supply has been arrested When 
the heart ceases to beat and can no longer maintain the circulation, 
methods of resuscitation arc usually of no avail. However, it is often 
impossible for one who is not medically qualified to detect the beat 
of the heart when it is very weak. For this reason artificial respira- 
tion should be continued until natural breathing has been restored or 
until a physician has pronounced the death of the patient. Not until 
then should hope be abandoned.* 

Most methods of artificial respiration are designed to increase and 
reduce alternately the capacity of the thorax in such a way as to 
draw air into the lungs and expel it again. Thus the blood is oxy- 

' If a physjcun u not available, cSorts ai resuscitation should be persisted fn 
until rigor moriu (stiffness of the muscles after death) a clearly evident ” 
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apparatus A flexible collar is fitted around his necl., so as to prevent 
the leakage of air (Fig 6 15) A motor driven pump causes alternate 
variations in the air pressure within the chamber Reduction m air 
pressure from 3 to 4 mm below that of the atmosphere causes expan 
Sion of the chest (inspiration) The next moment the pressure within 
the chamber becomes atmospheric, the chest returns to the resting 
position and expiration occurs Portholes for tending the patient arc 
provided in the walls of the apparatus The patient is kept contmu 
ously m the chamber until respiratory muscles which have not been 
paralyzed, or unparalyzed fibers within the affected muscles (eg, 
diaphragm or mtercostals) , have developed sufficient strength to carry 
out, unaided, the movements required for adequate ventilation of the 
longs 

A rocking bed, operated by a motor, has recently been designed 
to cany out artificial respiration by the Eve method over long pe 
nods It is claimed to induce better ventilation of the lungs than the 
Drinker method 

In cases of apparent drowning or gas poisoning, it is usually of 
great benefit to add oxygen to the inspired air Carbon dioxide in a 
concentration of about 7 percent is also frequently employed the 
object being to stimulate the respiratory center (p 253) and bring 
on natural breathing Oxygen and carbon dioxide are also used in 
patients suffering from pneumonia and other conditions in which, 
though the patient is able to breathe the blood is being imperfectly 
oxygenated, the gases being passed into a tent covering the patient s 
head and trunk 


The Subdivisions of the Lung Air 

Only about one tenth of the total volume of air that the lungs arc able 
to inspire and expire m a single respiration (sec vital capacity, p 242) 
moves into and out of the lungs during ordinary quiet breathing 
this, which amounts to about 500 cc, is called the tidal volume In an 
inspiration of maximum depth six times this amount (namely, 3000 
cc) can be inhaled This is termed the inspiratory capacity (it in 
dudes tidal volume) If one empties his lungs as completely as pos 
sible (forced expiration) after an ordinary expiration, about 1000 cc 
of air can be expelled from the lon^ This air, which can be ex 
pelled by an extra effort is called the expiratory reserve xolume The 
lungs cannot, of course be emptied completely for they are kept m 
the partially expanded state by the subatmosphenc pressure withm 
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the pleural cavities Even after the most forcible expiration, from 
1000 to 1500 cc of air remain in the lungs This large volume of air 
can be expelled only after death by opening the thoracic cavity, thus 
establishing communication between the pleural cavities and the 

Table 6-1 


Tidal volume 500 cc 

Inspiratory capacity (which includes 

tidal volume)* 3000 cc 

Expiratory reserve volume 1000 cc 

Vital capacity 4000 cc 

Residual volume 1200 cc 

Total lung capacity 5200 cc 


atmosphere, it is called the residual volume (see Table 6-1 and Fig 
6 16) But, the lungs, after the chest has been opened or even after 
they have been removed from the body, contain air entrapped within 
the air sacs This part of the residual air is termed the mintmal air 
To It the lung tissue owes its buoyancy when put into water. The 
lungs of a stillborn child, since they have not been expanded by 

* U the tidal volume u oot included it is called the Insptrolory reserve volume 


Liters 



Fig 6 16 Showing subdiviszoos of the lung air. 
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breathing and contain no air, sink in water This fact is the basis of an 
important medicolegal test in cases of suspected infanticide, by means 
of which It IS possible to detcnnmc whether or not an infant had been 
bom alive 


The maximum quantity of air which can be expired after the deep- 
est possible inspiration — that is the sum of the inspiratory capacity — 



Fig 6 17 Spirometer 
A, graduated glass bell 
JJ water d xoouibpiere 
g counter weight r pul 
ley (After Reichert ) 


and the expiratory reserve volume is called 
the \ttal capacity Athletes and other per 
sons m good physical condition have, m 
general greater vital capacities than those 
of the same size who lead a sedentary life 
or are debilitated The vital capacity is 
therefore used as one of the entena of 
physical fitness In health it bears a rela- 
tionship to the surface area of the body, 
amounting to 2500 cc per square meter of 
body surface for the average man, 2000 cc 
for women, and 2800 cc for athletes For 
a man of average build ( 1 7 square meters 
of body surface), it amounts, therefore, to 
(1 7 X 2500 —) 4250 cc Certain diseases 
of the lungs chest, and heart reduce the 
vital capacity below the normal standard 
for the individual 

The vital capacity is measured by having 
the subject inspire fully, and then empty 
his lungs as completely as possible into an 
instrument called a spirometer (see Fig 
6 17) 

The average values of the mam sub- 
divisions of the lung air in round figures 
are (abufared m fabte tf-I on page 241 

Alveolar air and dead space air The air 
in the air sacs — that is, the air in contact 


with the true respiratory part of the lungs — is called the alveolar air 
The space enclosed by the nonrespuatory part of the lungs— namely, 
the bronchi and muscular bronchioles, trachea laiynx, pharynx and 
nasal cavities-— is called the dead space it has a capacity of about 
150 cc The air within this space is called the dead space air 
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The Chemistry of Respiration 

The exchange of the respiratory gases (oxygen and carbon dioxide) 
between the blood and Ae air in the lungs, and between the tissue 
cells and the blood, follows those physical laws which govern the be- 
havior of gases in general. Some space will be devoted, therefore, to 
an account of the properties of gases. 



Fig 6 18 Illustrating the diiTusioa of gases The two gas storage cylinders con- 
tain the same kind of gas at unequal pressures In the cylinder on the left, the 
gas IS at the lower pressure. When samples of gas from each cylinder are al- 
lowed to enter the glass chamber A, the molecules, as indicated by the small 
circles, intermingle freely and become evenly distnbutcd (as in B) with con- 
sequent equalization of pressure throughout. 

The kinetic theory. The behavior of a gas is explained upon tne 
theory that its molecules are in ceaseless motion. They move at high 
seiocfty and rf irnabsfructed ia any way become separated from one 
another by immeasurably great distances A gas. therefore, is capable 
of expanding to infinite dimensions, its molecular concentralion di- 
minishing proportionately as It expands. When confined, the gas 
molecules strike numberless blows upon the walls of the container. 
The pressure exerted by a gas is attributed to this ceaseless molecular 
bombardment. It follows, therefore, that the greater the number of 
molecules within a given space (i.e., the higher their concentration), 
the higher will be the gas pressure. 

If t\^o samples of the same gas but of different molecular concen- 
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trations be brought together rapid and even distnbution of the mol 
ecules takes place between the two samples, with consequent equal 
ization of the pressure throughout any space in which the gas is 
confined (see Fig 6 18) The final pressure has a value somewhere 
between the pressures of the separate samples Gas molecules are 
therefore said to move from a point of higher to one of lower pres 
sure 

When two dissimilar gases either at the same or at different pres 
suTcs are brought together, each behaves as though it were the only 
kind present The molecules of each gas become evenly dispersed 
throughout the space its molecular concentration and in consequence 
its pressure becoming everywhere equal After mixing the molecular 
concentrations and therefore, the pressures of the individual gases 
may differ widely from one another for, as just mentioned, they be 
have quite independently of one another their final concentrations 
depending upon the onginal concentrations of the respective samples 
In order to realize the speed with which dispersion of the molecules 
occurs one has only to recall how quickly some odorous or pungent 
gas permeates the atmosphere The process whereby samples of the 
same gas at different pressures or of different gases at the same or 
unequal pressures become uniformly mixed is called diQusion (Fig 
6 18) 

Though the molecular movements are very much slower, liquids 
and solids m solution behave m the same way For example, a basin 
of water m which a bottle of red ink is opened carefully, so as to avoid 
mechanical mixing becomes after a time of a uniform color through 
out Molecules of gases also diffuse into liquids which are in contact 
with them until the gas pressures within and without the liquid are 
equal 

The properties of gases are stated more specifically in the following 
laws 

The ga.s laws. Boyles law The temperature remaining constant 
reduction in the dimensions of the space in which a gas is confined 
mcceascs the pressure of the gas and vice versa In other words at 
constant temperature the pressure of a gas varies inversely with its 
volume^ — the product of the pressure and the volume is constant i e 
doubling the pressure reduces the volume by half, or conversely 
doubling the volume of the container reduces the pressure by half 

Charles^ (or Cay Ltissacs) law For each rise m temperature of 
1 “ C a gas expands by approximately -^hs of volume at 0° C pro 
vided that the pressure is kept constant, or, its volume remaining con 
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stand, the pressure of a gas increases by for each degree (Centi- 
grade) rise in temperature. 

Dalton's law oj partial pressures. A quantity of gas when mixed 
with other gases exerts the same pressure as it would exert were the 
other gases not present. The total pressure of a mixture of gases is, 
therefore, the sum of the pressures of the individual gases in file mix- 
ture, each gas exerting a pressure proportional to its percentage in the 
mixture. For example, the atmosphere (dry) at sea level has a pres- 
sure of 760 mm Hg; it contains 20.96 percent of oxygen. The partial 
pressure exerted by oxygen, in the air at sea level is, therefore, 

X 760 = 159.2 mm Hg 

or approximately ^ the pressure of the atmosphere at sea level. 

Henry's law of the solution of gases. The temperature remaining 
constant, the quantity of gas which goes into solution in any given 
liquid is proportional to the partial pressure of the gas For example, 
water when exposed to the atmosphere absorbs the constituent gases — 
oxygen, nitrogen, and carbon dioxide — in quantities proportional to 
the pressure which each exerts in the air mixture The partial pressure 
or tension of each gas in the water will be the same as its partial pres- 
sure in the atmosphere. The liquid is (hen said to be equilibrated with 
the gas. 

The compositions and partial pressures of the gases in atmospheric, 
expired, and alveolar airs. Atmospheric air contains 20.96 volumes 
percent of oxygen, 79.00 percent of nitrogen, and 0 04 percent of 
carbon dioxide. It also contains minute amounts of argon and other 
rare gases. The approximate partial pressures of these gases in the 
atmosphere (that is, in inspired air) are, therefore, 158, 596 and 
0.30 mm Hg, respectively. In expired air the pressure (tension) of 
oxygen is lower (since its percentage is lower) and that of carbon 
dioxide higher, than in inspired (atmospheric) air. In the air of the 
pulmonary alveoli (alveolar air), the o^gen pressure is lower again, 
and the carbon dioxide pressure higher than in the inspired air (see 
Tables 6-2 and 6-3, p. 246). Thus, the pressure of oxygen declines 
from inspired air to alveolar air, and that of carbon dioxide from 
alveolar air to inspired air. Nitrogen is an inert gas so far as respiration 
is concerned — that is, it is neither used in the body (like oxygen) nor 
produced (like carbon dioxide).-' The difference between the pressure 
of nitrogen in the expired and alveolar airs, on the one hand, and in 
the inspired air, on the other (sec Table 6-3), is’ due simply to changes 
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Tobfe 6*2 


Volomes percent of goies in dry. Inspired, expired, 
and alveolar airs (averoge figures) 



I Volumes percent 

Inspired 

{atmospheric) 

air 

Expired 

air 

AUeolar 

air 

Oxygen 

20 96 

163 

142 

Carbon dioxide 

004 

40 

5 5 

Nitrogen (with argon and other 




rare gases in minute quan 




titles) 

78 00 

79 7 

80 3 

Totals 

100 00 

1000 

1000 


Table 6*3 


Partial pressures of gases in Inspired, expired, ond 
alveolor airs (average figures) Barometer 
reading 760 mm Hg 



j Partial pressures 

Inspired 

air 

mm Hp 

Expired 

air 

nm Hg 

Alveolar 

air 

mm Hg 

Oxygen 

158 2 

1162 


Carbon dioxide 

03 

28 5 


Nitrogen 

596 5 

7600 

760 0 


50 

470 

47 0 

Totals 

760 0 

760 0 

760 0 ^ 


in the pressures of the other gases and to the water vapor added to 

e air in the lungs, for it should be lemerabered that the total pres- 
sure of expired air or of alveolar au- must be the same as that of the 
atmosphere 

The partial pressure of water vapor m the air of the lungs amounts 
o a out 7 mm Hg The value for the barometric pressure, less 47, 
must therefore be used in calculaung the partial pressure of one or 
other gas in the expired or the alveolar air from its percentage For 
examp e if the expired air contains 16 3 percent of oxygen and the 
barometer registers 760 mm then the partial pressure of oxygen is 
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163 x(760 - 47) „ 

jOQ 116 2 mm Hg 


The diffusion of gases between the atmosphere and the air in the 
alveoli. As has been pointed out, the lungs are not filled with fresh air 
dunng mspiration nor completely emptied during expiration (p 240) 
The tidal air amounts to only about one sixth of the total quantity of 
air contained in the lungs, under ordinary circumstances The ventila- 
tion of the air sacs is brought about largely through diffusion — that is, 
the movement of gas molecules from a point of higher to one of lower 
pressure Diffusion is very materially aided by mechanical mixing 
caused by the respiratory movements, especially during the elastic 
recoil of the lungs at the end of inspiration Oxygen diffuses into the 
alveolar air from the fresh air drawn into the respiratory passages 
(dead space) during inspiration, and carbon dioxide diffuses from the 
alveolar air mto the air of the dead space (See Table 6 3 and com 
pare figures for partial pressures of oxygen and carbon dioxide m 
inspired, expired, and alveolar airs ) During expiration a part of the 
air (about 500 cc of the total 2500 or 3000 cc m the lungs) is forced 
from the air sacs About 350 cc of this is expelled to the outside to 
gether with about 150 cc which had filled the respiratory passages 
The last 150 cc of alveolar air replaces that which has been swept 
from the dead space At (he next inspiration the column of air which 
was in the dead space is drawn back again mto the air sacs, together 
with 350 cc or so of atraosphenc air Another 150 cc of atmosphenc 
air fills the dead space 

The depth to which fresh air is drawn into the air sacs vanes, of 
course, with the quantity of air inspired In very shallow breathing, 
pure atmospheric air may not fill the dead space, whereas in deep 
breathing it penetrates beyond the respiratory bronchioles (p 229) 

The exchange of gases between the alveolar air and the blood. Each 
minute during bodily rest from 4 to 6 liters of blood are delivered to 
the lungs by the pulmonary artery In traversing the capillaries of the 
lungs, the red blood corpuscles are separated from the alveolar air by 
the exquisitely thin and highly permeable membranes forming the al- 
veolar and capillary walls In their passage through the capillanes 
which surround the alveoli, the red cells are for the most part m 
single file Thus, a thin film of blood, having an area calculated at 
about 1000 square feet, is exposed to the alveolar air The blood 
coming to the lungs (le , the mixed \cnous blood from all parts of 
the body), having given up a part of its oxygen load to the tissues 
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and having received therefrom a somewhat smaller volume of carbon 
dioxide, has therefore a relatively low pressure of the former gas and 
a relatively high pressure of the latter. The capillary blood and the 
alveolar air (which at the end of inspiration has a relatively high pres- 
sure of oxygen and a low pressure of carbon dioxide) come rapidly 
into gaseous equilibrium, oxygen diffusing from alveolar air to blood 
and carbon dioxide from blood to alveolar air. The blood leaving the 
lungs (arterial blood) therefore contains more oxygen and less carbon 
dioxide than does venous blood; the oxygen and carbon dioxide pres- 
sures show corresponding differences, the oxygen pressure being 
around 100 mm Hg in arterial and 40 mm in venous blood; the carbon 
dioxide pressures are about 40 to 46 mm Hg, respectively (see PI. 6B). 

The volumes percent (It., the number of cubic centimeters of gas 
in 100 cc of blood) and the pressures of oxygen and carbon dioxide 
in arterial and in mixed venous blood are given in Tables 6-4 and 6-5. 

Table 6-4 


Pressures of oxygen and carbon dioxide In arterial and In 
mixed venous bleed (averages). Compare 
with Table 64). 


1 

1 Pressures 


Arlerial 

blood 

Mixed venous 
blood 

DiS^rence * 

Oxygen 

100 

40 

60 

Carbon dioxide 

40 

46 

6 


Table 6-5 

Volumes percent of oxygen end carbon dioxide In 
ortorloi and in mixed Venous blood (erverages) 



1 Volumes percent 


Arterial 

blood 

Mixed venous 
blood 

Di0erence 

Oxygen 

19 

12.5 

6.5 

Carbon dioxide 

50 

56 

6.0 


* Carbon dioxide U rttuch more diSusiUe (30 limes) than oxygen, so that rapid 
dittusion of the tormer gas ukej place at a smaller pressure difference. 
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blood, owing to Us content of hemoglobin, can absorb, therefore, 80 
times more oxygen than can an equivalent quantity of plasma 
Hemoglobin when saturated with oxygen, or nearly so, is called 
oxyhemoglobin The oxygen is bound very loosely to the hemoglobin, 
the latter is said to be oxygenated rather than oxidized, for a true ox- 
ide IS not formed Hemoglobm that has given up part of us oxygen ts 
called reduced hemoglobin If hemoglobin formed a stable compound 
with oxygen — that is, if it formed an oxide which did not readily part 
with Us oxygen — it would serve no useful purpose in respiration, for 
the unloading of oxygen to the tissues is quite as important as Us 
rapid absorption by the blood in the lungs The combination of oxygen 
with hemoglobin in the lungs and the dissociation of oxygen in the 
tissues proceed at nearly equal velocities The quantity of oxygen 
which will combine or be held in combination with hemoglobin in 
the erythrocytes ts dependent upon the partial pressure of oxygen in 
the plasma (le, the oxygen in simple solution) The pressure of 
oxygen in the plasma varies in turn with the pressure of oxygen in 
the alveolar air. on the one hand, and in the tissue fluids and cells, 
on the other (Henry’s law, p 245) For example, m passing through 
the lungs the plasma comes into equilibrium with the alveolar air 
which has an oxygen pressure of around 100 mm Hg The hemo- 
globin therefore, becomes nearly saturated with oxygen In the tissue 
fluids the oxygen pressure is telativcly low, and still Icrwti in the cells 
Oxygen diffuses, therefore, from the plasma to the tissue fluids and 
from the latter to the cells The lowered oxygen pressure of the plasma 
thus occasioned causes the liberation of oxygen from the hemoglobin 
Thus, through this gradient of pressure, a steady stream of oxygen 
from the red cells to the tKSue cells is assured 

The oxygen dissociation curxe of hemoglobin The relationship 
between the oxygen saturation of hemoglobin and the partial pressure 
of oxygen to which it is exposed can be shown by placing samples of 
blood in a senes of cylindrical glass containers (called tonometers) 
and introducing air mixtures of known oxygen and carbon dioxide 
pressures The glass vessels are rotated in a water bath at body tern* 
peraiure, the blood is thus spread m a thin film over their intenors, 
and allowed to come into gaseous equilibrium with the atmosphere to 
which ii IS exposed The percentage oxygen saturatiori of each of the 
blood samples is then determined and plotted as shown m Figure 6 19. 
Percentage oxygen saturation is indicated along the upright lines (or- 
dinates), oxygen pressures along the horizontal lines (abscissae). 
The curve plotted in this way is called the oxygen dissociation curve of 
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hemoglobin. It is important to notice the peculiar shape of this curve. 
It tends to flatten out at oxygen pressures above 70 mm Hg. It has been 
described as S shaped. At 100 mm Hg, which is the oxygen pressure 
in the alveolar air, the hemoglobin is over 97 percent saturated. It 
would become fully saturated at about 160 Hg. Raising the oxygen 
pressure above 100 ram Hg can therefore cause little increase in the 
quantity of oxygen absorbed; and a fall in oxygen pressure down to 
60 or 70 mm Hg causes a minor reduction in the oxygen saturation. 


Fig 6 20 Showing effect of 
increasing pressures (tensions) 
o! CO, upon the oxygen disso- 
ciation curve of hemoglobin 
(Bohr effect at constant temp. 
37® C). (After Barcroft.) Per- 
centage saturauon of hemo- 
globin along upright lines (or- 
dinates); oxygen pressure in 
mm Hg along horizontal lines 
(abscissae) . 



The slope of the lower part of the curve (i.e., at the lower oxygen 
pressures) is much steeper. This means that any given reduction in 
oxygen pressure causes the release of a relatively large quantity of 
oxygen from the hemoglobin. In other words, in passing through the 
tissues, where the oxygen pressure is low, very free dissociation of 
oxyhemoglobin occurs and a relatively large quantity of oxygen is un- 
loaded for delivery to the tissue cells. 

Two factors — namely, a rise in temperature and an increase in hy- 
drogen ion concentration— cause a shift to the right of the oxygen 
dissociation curve of hemoglobin. That is to say, each of these factors 
reduces the quantity of oxygen which hemoglobin will hold at any 
given oxygen pressure. Therefore, during increased tissue activity 
(e.g., muscular contraction) the local rise in temperature and the in- 
crease in hydrogen ion concentration, resulting from carbon dioxide 
and lactic acid production, cause a greater load of oxygen (per unit 
quantity of blood) to be delivered to the tissues. The influence of 
carbon dioxide pressure variations upon the form of the oxygen disso- 
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ciation curve of hemoglobin is illustrated in Figure 6.20. This is 
known as the Bohr effect. 

Carbon dioxide transport. Arterial blood contains from 44 to 52 
volumes percent of carbon dioxide» venous blood from 50 to 60 vol- 
umes percent. A small part of this — ^namely, about 2.5 volumes per- 
cent (or from 4 to 5 percent of the total — is in simple solution in the 
plasma. A further 4 or 5 volumes percent (8 to 10 percent of the total) 
is combined directly with hemoglobm. The compound is called ettrbO' 
hemoglobin The rest of the carbon dioxide is carried in the plasma as 
sodium bicarbonate. The chloride shift mechanism, through which 
the sodium bicarbonate is formed when carbon dioxide enters the 
blood from the tissues, has already been explained (p. 112). After a 
study of this mechanism it will be realiied that, though only a small 
part of the carbon dioxide is carried in the blood actually combined 
with hemoglobin, the latter serves in an indued way — that is, by 
giving up its alkali — for the carnage of over 85 percent of the total 
carbon dioxide. For this reason the quantity of carbon dioxide which 
can be absorbed by plasma, from which the red cells have been sep- 
arated by centrifuging (so-called separated plasma) , is only a small 
fraction of that which the plasma in whole blood {"true plasmd') will 
absorb. 


The Control of Respiration 

Respiration is essentially an involuntary act — that is, it is carried out 
automatically and without thought Nevertheless, it is to a certain ex- 
tent under voluntary control. One can, for example, cease breathing 
for a time, or can vary the rate or the rhythm of the respirations (as 
in speaking or singing). The respirations are also controlled through 
an effort of the will or scmiautomatically (rtflexly) during swallow- 
ing, coughing, sucking, etc., and are altered by emotional states. But 
the respiratory movements are essentially automatic in nature. The 
breathing cannot be suspended voluntarily for more than 45 seconds 
or so. At the end of this time one is compelled to take a breath. 

The automatic, involuntary character of the respiratory movements 
is due to the rh}'thmical discharge of impulses from a group of nerve 
cells situated in the lower part of the floor of the fourth ventricle in 
the medulla oblongata. These constitute the respiratory center. De- 
struction of this region causes complete and permanent arrest of 
respiration. The impulses originating In the center are conducted 
do>vn the spinal cord to the anterior horn cells of the third, fourth, 






254 RESPtRATtON 


of this movement and brings on expiration, it is called the expiraior) 
center An inspiratory center lies m close proximity to the expiratory 
center and when stimulated causes strong contractions of all the 
inspiratory muscles In the living body, the expiratory center appears 
to discharge an intermittent stream of inhibitory impulses to the in 
spiratory center, interrupting its activity at regular intervals Expira 
tion then follows automatically and in a passive manner In other 
words, expiration is the result of the cessation of impulses from the 
inspiratory or pnmary center to the diaphragm and other muscles of 
inspiration A third group of nerve cells, known as the pneMmotexic 
center, situated in the lower part of the pons, is connected to the in 
spiratory center by nerve tracts The function of this center is not al- 
together clear, but it is believed by most physiologists to receive excita 
tory impulses, discharged rhythmically from the inspiratory center 
which It relays to the expiratory center, the latter then exerts, inter- 
mittently, an inhibitory mfluence upon the inspiratory center as dc 
scribed above AH three centers arc bilaterally represented (sec Fig 
621) 

The frequency of the impulses discharged along the phrenic nerves, 
and other nerves to the inspiratory muscles, vanes rhythmically with 
the inspiratory movements, rising to a maximum toward the end of 
inspiration and falling to a minimum, or ceasing entirely dunng ex- 
piration 

The respiratory nervous mechanism, though fundamentally auto- 
matic in Its action, is mlluenced by chemical and reflex factors These 
will be considered separately 

Chemical factors. Carbon dioxide stimulates the respirations, any 
rise m the partial pressure of this gas in the arterial blood results in 
increased frequency and depth of the respirations Under ordinary 
circumstances, the carbon dioxide pressure in the alveolar air, as m the 
arterial blood remains remarkably constant at around 40 mm Hg, 
for the slightest rise suffices to increase the pulmonary ventilation The 
excess gas is thus removed and the pressure restored, automatically, 
to the normal level Professor J S Haldane and his associates found 
that an increase of only 0 2 percent in the carbon dioxide of the 
alveolar air (a rise in partial pressure of 1 5 mm Hg) doubled the 
volume of the air breathed per minute The effect of carbon dioxide 
upon the respirations may be demonstrated by having a subject 
breathe an air mixture containing a high percentage (5 or 6 percent) 
of carbon dioxide (Fig 6 22) The respirations become deeper, more 
rapid, and even violent, though the mixture contains over 90 percent 
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of oxygen. Conversely, if a sub- 
ject voluntarily increases his pul- 
monary ventilation by breathing 
quickly and as deeply as possible 
for a minute or so, a greater than 
ordinary quantity of carbon diox- 
ide is “pumped" out of, or “blown" 
from, his blood. When the forced 
voluntary effort (forced breath- 
itig) ceases, spontaneous respira- 
tory movements are not resumed 
for a period of from 40 to 60 sec- 
onds. This interval of suspended 
respiration, during which there is 
no desire to breathe, is called 
apnea (literally, no breathing — 
see Fig, 6.23). With longer peri- 
ods of forced breathing, the apneic period may be extended to 2 min- 
utes or more. If the subject repeats the experiment, but instead of 
breathing ordinary air, breathes an air mixture containing a higher con- 
centration (4 to 5 percent) of carbon dioxide and a normal percentage 
of oxygen, apnea does not occur The cessation of breathing follow- 
ing hyperventilation of the lungs is due, therefore, to the removal of 
carbon dioxide from the blood, and not to its being overcharged with 
oxygen. A reduction in the carbon dioxide pressure of the alveolar 
air by about 0.2 percent is sufficient to induce a short period of apnea. 

Effects of a low pressure of oxygen in the arterial blood. The effect 
upon the respirations of oxygen want is seen at altitudes of 10,000 
feet or more, where the oxygen pressure of the atmosphere is greatly 
reduced (p. 261). An increase in pulmonary ventilation then occurs. 
The respiratory stimulus, in this instance, cannot be carbon dioxide. 



F«g 6 22 Showing effect upon 
pulmonary ventilation of tncreas- 
mg the COj percentage m the in- 
spired air. (After Scott, redrawn 
and modified.) 








Rg 6 23 Forced breathing for a period of 2 minutes is followed by 
apnea lasting for 3 minutes. This is succeeded by periodic breathing 
of the Cheyne-Stokes type (p 259 and Fig. 6 25), which persists for 
a minute or so before normal breathing is resumed (After Douglas and 
Haldane ) 
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for the pressure of this gas in the alveolar air at high altitudes may 
be only 30 mm Hg, instead of the usual 40 mm. The first return of the 
respirations at the end of a long apneic period caused by forced 
breathing is also due to oxygen want, for at this time the partial pres- 
sure of carbon dioxide in the blood is still below the normal level. 
For this reason, forced breathing of an air mixture containing a high 



Fig €.24 Djagram summarizing the nervous farton in the control of 
respiration (Modified from Best and Taylor, The Physiological Basis 
of Medical Practice.) 


percentage of oxygen results in an extraordinarily long period of 
apnea (7 to 8 minutes), the large store of o;^gen held in the lungs 
postponing the onset of oxygen want. 

TTie stimulating effect which oxygen want exerts upon the respira- 
tory center is now believed to be an indirect one — namely, through 
the stimulation of the chemoreceptors in the carotid body (p. 258). 
The direct effect of anoxia upon the center itself is of a depressing 
rather than of a stimulating nature. Under the ordinary circumstances 
of health, however, oxygen warn is not even an indirect factor in the 
control of respiration, for it is not until the oxygen percentage in the 
atmosphere reaches a very low level (12 to 14 percent) that any 
noticeable effect upon respiration is produced. When one holds the 
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breath, for example, the uncontrollable desire to breathe is due to the 
accumulation of carbon dioxide, and not to lack of oxygen. The in- 
tense urge to breathe occurs before the oxygen content of the blood 
has fallen to the point where the respirations are stimulated (through 
the carotid body) by oxygen want. 

Reflex and chemoreflex factors. Afferent impulses originating in 
almost any part of the body may influence the activity of the respira- 
tory center. The sharp inspiration which follows a painful stimulus, 
the inhibition of inspiration during swallowing (p. 301) or when sen- 
sory endings in the nasal mucosa are stimulated (as by some pungent 
odor), and the increased rate and depth of breathing caused by the 
stimulation of cutaneous nerves by a cold or a hot bath are a few 
familiar examples illustrating the effects of afferent nerve stimulation 
upon the respiratory movements. 

The activity of the respiratory center is also influenced by proprio- 
ceptive impulses (p, 514) arising in the respiratory muscles, as well 
as fay impulses discharged from the higher (psychic) centers of the 
brain. Various changes in respiratory rate, depth, and rhythm may 
be brought about through emotional and mental facton. The spas- 
modic breathing of laughter, the sobbing respirations in grief, the slow 
shallow breathing during attention, suspense, or apprehension, and 
the rapid respirations in excitement or fear may be cited (Fig. 6.24). 

An outstanding reflex effect upon the rate and depth of breathing 
is brought about through impubes originating in afferent endings of 
the vagus situated in the pulmonary tissue itself. The adequate stimu- 
lus for the vagal endings is stretching caused by inflation of the lungs. 
Thus, at the end of inspiration, distension of the air sacs causes a 
stream of impulses to be discharged to the respiratory center. These 
depress the activity of the center; that is, the frequency of the im- 
pulses discharged down the phrenic and other efferent respiratory 
nerves is reduced; or the efferent discharges may cease entirely. Ex- 
piration, which, as we have seen, is brought about mainly in a pas- 
sive manner, therefore follows. The arrest of inspiration brought 
about in this way, with the consequent onset of expiration, is called 
the Hering-Breuer reflex. Section of the vagus nerves in experimental 
animals, by interrupting the afferent impulses from the lungs, results 
in slowing and deepening of the respirations — the inspiratoiy phase 
being then prolonged. 

The carotid sinuses (p. 199) and carotid bodies under certain spe- 
cial circumstances, but probably not in ordinary conditions, play a 
role in respiratory control. The walk of the sinus contain receptors 
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which, when stimulated mechanically (pressure or stretch), dis- 
charge impulses to the respiratory center as well as to the cardio- 
Inhibitory and vasomotor centers. Thus, distension of the sinus by 
a rise in blood pressure causes slowing of the respirations, or even 
complete respiratory arrest (apnea) for a short time. A fall in blood 
pressure has the reverse effect — namely, increased pulmonary ventila- 
tion These cftccts come into play only under very unusual and special 
circumstances. 

The carotid body is a small structure attached to a twig of a small 
branch of the external carotid artery close to the carotid sinus. It con- 
tains cells which have the specialized function of responding to chem- 
ical stimuli These chemoreceptors. as they are called, are stimulated 
by a rise m the carbon dioxide tension of the arterial blood, by an 
increase in hydrogen ion concentration, or by oxygen lack. The nerve 
impulses set up by the stimulation of these chemoreceptors and dis- 
charged along the smus nerve to the respiratory center result in an 
increase in the rate and depth of breathing. A rise in the carbon diox- 
ide pressure exerts a similar, though less pronounced, effect. The ca- 
rotid body plays no role, or a very minor one, in the control of the 
circulation (see p 201). 

As mentioned on page 257, U is only when oxygen want reaches 
an extreme degree that the chemoreceptors of the carotid body are 
stimulated The same applies to carbon dioxide excess. The sinus 
mechanism, therefore, plays no part in the control of respiration un- 
der ordinary physiological conditions. 


Physiological ModiPicotions 
of Respirolion 

Laughing. Laughing consists of a deep inspiration followed by a 
scries of short spasmodic expirations The characteristic sound is 
caused by the vibrations of the vocal cords which are held tense in 
the path of the outgoing air. In crying, the respiratory movements are 
very similar. 

Coughing. This is a reflex act usually caused by stimulation of 
sensory endings of the vagus nerve in the mucosa of the larynx or 
trachea, but it may result from the excitation of afferent vagal end- 
ings m the lungs or pleura. The act comprises a short inspiration, fol- 
lowed immediately by closure of the opening of the larynx (glottis). 
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and a forcible expiratory effort A high pressure is thus created within 
the lungs and lower air passages The glottis then opens suddenly, 
allowing the air to escape m a blast Thus, any irritating material 
which may be present in the larynx is expelled 

Sneezing. Like coughmg, sneezing consists of a short inspiration 
followed by a forcible expiration, but the glottis remains open During 
the first part of the expiratory effort the way into the mouth is blocked 
by the elevation of the tongue against the soft palate, the blast of air 
being thus directed through the nose Later, the resistance offered by 
the tongue is, as a rule, removed, the air then escaping through the 
mouth The sneezing reflex is initiated by irritation of the nasal end 
mgs of the trigeminal nerve 

Yaivning. Usually an indication of fatigue, sleepiness, or simply of 
boredom, yawning may also be induced by seeing someone else 
yawn It is primanly of psychic ongin A yawn comprises a deep in- 
spiration with the mouth fully open Sightng consists of a prolonged 
expiration 

Hyperpnea. This term is applied to any increase in pulmonary ven- 
tilation, due to an increase in either in the rate or in the depth of 
breathing, or in both 


Abnormal Types of Respiration 

Periodic breathing. This term is given to certam types of abnormal 
respiratory rhythm (see Fig 6 25) The best known of these is called 
CheyneStokes breathing, after two physicians of the last century who 
desenbed it as a characteristic feature of certain diseases This type 
of breathing is marked by periods of rapid and deep respiration (hy- 


Fig 6 25 Cheync Stokea breath- 
ing I, hyperpneic periods, 2, 
apneic periods (After Waller ) 




perpneic periods) alternating with intervals of complete cessation of 
respiration (apneic penods) At the beginning of the hyperpneic pe- 
nods, the respirations are slow and shallow, but they quickly increase 
to a maximum rate and depth, and then, becoming smaller and 
smaller again, cease The apneic penods are due to the excessive 
elimination of carbon dioxide from the blood dunng the preceding 
penods of hyperpnea The latter are due, in turn, to oxygen lack, 



260 RESPIRATION 


acting through the carotid body reflex, and the accumulation of car- 
bon dioxide dunng the apncic penod& The respiratory center, ap- 
parently, has lost some stabilizing factor which normally prevents it 
from responding too vigorously to changes m the gaseous composition 
of the blood Like a machine without a flywheel, the action of the 
center consists of uneven, relatively small changes m gas pressures 
causing a too sudden and unduly great respiratory effect 

Cheyne Stokes breathing is seen in advanced kidney disease, in 
cases of raised intracranial pressure, and m poisomng by narcotics 
In these conditions it is a symptom of very grave portent But penodic 
breathmg of a sunilar type occurs under certain physiological con 
ditions — e g , in animals dunng hibernation and sometimes in chil- 
dren dunng sleep It is also seen when the respirations are returning 
after the penod of apnea mduced by forced breathmg, 6r it may occur 
at high altitudes 

Dyspnea. Difficult breathmg, or dyspnea, is seen m a number of dis- 
eased conditions * The breathlessness m heart disease or in acidosis 
and the respiratory distress of asthma, pneumonia, and other pul 
monaiy conditions, and at high altitudes are examples la acidosis 

H CO 

the respirations are increased m an effort to maintain the 

ratio at its normal value by reducing the numerator of the equation — 
that is, by “blowing off carbon dioxide from the blood (p 255) The 
dyspnea of heart disease, anemia, and pneumonia, and at high alti 
tudes IS caused by an inadequate supply of oxygen to the tissues, m 
eluding the carotid body which is stimulated thereby 

A rise in mcrafeofism, from whatever cause, brings about an in- 
crease m the pulmonary ventilation, since it is associated with an 
increased production of carbon dioxide Musculcu" exercise increases 
the metabolism and, therefore, stimulates the respirations, and even 
a healthy person suffers from dyspnea after a bout of strenuous 
muscular effort when he puf&, gasps, or pants and feels that he will 
suffocate if he docs not get more air into his lungs If, as m hyper- 
thyroidism (p 411), the resting metabolism is already above normal, 
dyspnea is experienced with a grade of muscular exertion which would 
not cause any respiratory distress m a normal person In anemia, also, 
breathlessness occurs upon any slight muscular exertion, because 
the hemoglobin concentration of the patient's blood, though capable 
of carrying the required quantity of oxygen to the tissues when the 

• Whenever breaihing is dlstrtssln; or a person is unduly aware of the respira 
lory act the term dytpnea may be applied 
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body is at rest, is unable to satisfy the demands of even mild physical 
effort. 

The degree of hyperpnea at which respiratory distress is experi- 
enced varies widely in different individuals according to their physical 
state. As compared with untrained persons, athletes are able to in- 
crease their pulmonary ventilation to a much greater extent before 
any difficulty in breathing (i c., dyspnea) is experienced. 


Oxygen Want— Anoxia or Hypoxia" 

Any failure of the tissues to secure a supply of oxygen sufficient for 
their needs is referred to as oxygen want or anoxia Anoxia is classi- 
fied according to its cause into the following four groups: anoxic, 
stagnant, anemic, and histotoxic. 

Anoxic anoxia. This term applies to any type of anoxia in which 
the blood in its passage through the lungs does not reach normal 
saturation (about 97.5 percent), whether as a result of a low oxygen 
tension in the atmosphere as at high altitudes and in vitiated atmos- 
pheres (e>g,, In mines), or to some interference with breathmg (e.g., 
obstruction of the respiratory passages, asthma, pneumonia, etc.)> 

Mountain sickness. TTie unpleasant and sometimes serious effects 
of the anoxia of high altitudes are referred to as mountain sickness. The 
first signs of mountain sickness appear at an altitude of between 8000 
and 10,000 feet above sea level. At this height the percentage oxygen 
saturation of the hemoglobin is considerably below the normal level. 
For example, at a height of 14,000 feet above sea level, the atmos- 
pheric pressure is around 450 mm Hg. The partial pressure of oxygen, 

being reduced proportionately, amounts to x 450 94 mm 

Hg, as compared with 160 mm at sea level. The oxygen pressure in 
the alveolar air and arterial blood is, therefore, only from 55 to 60 
mm Hg. The oxygen saturation of the hemoglobin is around 82 per- 
cent as compared with the normal of about 97.5 percent, and the 
symptoms and signs of anoxia are apparent. These include headache, 
nausea and vomiting, dyspnea, and (^anosts (p. 263). Emotional out- 
bursts (e g , laughing or crying, quarrelsomeness or hilarity) are com- 
mon There is often a sense of exhilaration, or an exhibition of fool- 
hardiness, boisterousness, or stubbornness. If a person remains for a 

• Hypoxia, which tneaiu a dimiolsbed oxygen supply, is a better term than 
anoxia (literally no oxygen) and is, therefore, more correct etymologically. In the 
types of oxygen deficiency to be immediately described, the older word (anoxia) will 
M retained, since m this connection it has the sanction of long usage. 
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time at the high altitude, these effects gradually disappear, he ^comes 
acclimatized The acclimatization process consists of a nse in the red 
cell count (see Fig 3 5, p 62), and adjustments in the circulatory 
and respiratory mechanisms Natiscs of high mountains have a red 
cell count of from 6,500,000 to 8,500,000, depending upon the alti« 
tude at which they live The volume of the lungs and the size of the 
chest IS greater than the normal for a man of the same height residing 
at sea level In rapid ascents to very high altitudes (40,000 to 
50000 feet), as m an airplane, consciousness is lost rapidly unless 
the flyer can receive oxygen inhalations from a storage cylinder, or 
the plane is provided with an airtight cabin within which the partial 
pressure of oxygen is equal to that at an altitude of 8000 feet or less 
Stagnant anovia. This anoxia is due to slowing of the circulation 
through the tissues as occurs in heart failure The rfeduced velocity 
of the blood in the capillaries permits the hemoglobin to give up a 
greater fraction of its total oxygen load than normally The venous 
blood contains therefore a proportionately larger amount of re- 
duced hemoglobin When the blood remains long in the capillanes, 
though a larger quantity of oxygen is abstracted from it, the greater 
part of the gas is delivered at low pressure The tissues, therefore, re- 
ceive less oxygen in a given time than when the blood flow is rapid 
Anemic anoxia. This type of oxygen want results from a reduced 
oxygen-carrying capacity of the blood It includes that due to carbon 
monoxide poisoning as well as that resulting from anemia 

Carbon monoxide poisoning Carbon monoxide combines with 
hemoglobin to form COHb, a relatively stable compound — that is, 
one which dissociates very slowly Any hemoglobin in this form can- 
not take up oxygen and is therefore dispossessed of any respiratory 
function Carbon monoxide causes death for this reason only The 
subject poisoned by the gas is depnved of the use of part of his hemo 
globm just as surel) as if it had been lost from the body, and the 
tissues, in consequence, cannot be supplied adequately with oxygen 
Hemoglobin has a very great aflinity for carbon monoxide, and this 
IS why it IS so especially dangerous When blood is exposed to an at 
mosphere containing equal concentrations of carbon monoxide and 
oxygen it absorbs 300 parts of the former gas for every one part of 
the latter In other words, the hemoglobin becomes almost completely 
saturated with carbon monoxide to the exclusion of oxygen As a re- 
sult of the preference shown by hemoglobin for carbon monoxide, a 
concentration of as little as 0 2 percent in an atmosphere otherwise 
norma! in composition will cause death if breathed for a few minutes 
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As in the anoxia of mountain sickness, in that due to carbon monox- 
ide poisoning, the subject often becomes stubborn, perverse, or un- 
ruly Though he is not unaware of his danger he may, owing to some 
fanciful idea, make no attempt to escape, and may even resist efforts 
of others to bring him mto fresh air This is another dangerous feature 
associated with exposure to this gas 

The most effective means of resuscitating a subject of carbon 
monoxide poisoning is artificial respiration and, when possible, using 
an air mixture of about 40 percent oxygen and 7 percent carbon 
dioxide The oxjgen tends to hasten the liberation of carbon monox- 
ide from the hemoglobin while the carbon dioxide stimulates the 
respirations 

Histotoxic anoxia. In this type of oxygen deficiency, the oxidative 
processes of the tissues are depressed or abolished by a poison such as 
cyanide The oxygen-carrying capacity of the blood is not affected, 
but, since cellular oxidations are greatly reduced or in abeyance, the 
usual amount of oxygen is not removed from the blood m the capil- 
laries The venous blood, therefore, has a high oxygen saturation, and 
IS arterial in color Cyanide poisoning is treated by the intravenous 
injection of a solution of sodium nitnte followed by the injection of 
sodium thiosulfate However, since cyanide poisoning is so rapidly 
fatal, there is rarely an opportunity for applying this or any other 
method of resuscitation 

Cyanosis. The name cyanosis is given to the blue tint of the skin 
caused by an unusually high concentration of reduced hemoglobin in 
the blood of the capillaries composing the subpapillary venous plexus 
(p 35) The blueness is usually most pronounced m the skin of the 
lips, ears, and finger tips It is the visible sign of hypoxia, either of the 
anoxic or stagnant type That is, the blood either does not receive a 
full load of oxygen m the lungs or it gives up an unusually large pro- 
portion of Its oxygen to the tissues In both these instances, the capil- 
lary blood will have an abnormally high concentration of reduced 
hemoglobin, which is darker m color than oxyhemoglobin Blood 
contains some 15 grams of hemoglobin per 100 cc In the cutaneous 
capillanes of a normal person, about 2 5 grams of this is reduced 
hemoglobin, the remaining 1 2 5 grams is oxyhemoglobin When, as a 
result of either of the two types of hypoxia just mentioned, the con- 
centration of reduced hemoglobin in the capillary blood increases to 
5 grams per 100 cc, c)anosis appears In other words, 5 grams of 
reduced hemoglobin per 100 cc of blood m the capillanes of the skin 
and mucous membranes is necessary for the production of cyanosis. 
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The anemic and histotoxic ^-pes of anoxia do not cause cyanosis 
In the first of these, though the hemoglobin is diminished in amount, 
what there is of it is as fully saturated with oxygen as m health Fur- 
thermore, a person with a very severe anemia (hemoglobin less than 
5 grams per 100 cc of blood) obviously cannot become cyanosed un- 
der any circumstances, for even though all his hemoglobin should be 
in the reduced form, it would not be in sufficiently high concentration 
to cause any discoloration of the slcm On the other hand, a person 
whose blood had an abnormally high concentration of hemoglobin (25 
to 30 grams per 100 cc, as in polycythemia, instead of the normal o! 
about 15 grams) becomes cyanosed with a relatively mild degree of 
hypoxia In the histotoxic type, the capillary blood actually contains 
a lower concentration of reduced hemoglobin than in health, for, as a 
result of the action of the poison on the respiratory function of the cells 
of the tissues, the oxygen in the blood is not utilized 
Oxygen adrainistration. In certain acute respiratory conditions ac- 
companied by hypoxia the administration of oxygen m high conccn 
traiion (50 to 100 percent) is of great value Also, m heart disease m 
v.hich the stagnant type of anoxia may exist, oxygen inhalations are 
of benefit It must be remembered, however, that there is a limit to the 
amount of oxygen which the blood will lake up from the lujigs In 
health the blood coming from the lungs is over 97 5 percent saturated 
with oxygen so, increasing the oxygen m the inspired air five limes 
does not mean that the blood will take up five times as much oxygen 
as when ordinary air is breathed Ihe most that can be effected is to 
increase the oxygen saturation of the blood to 100 percent In the 
stagnant type of anoxia when the arierial blood is at the normal of 
about 97 5 percent, this would mean an increase of only 2 5 percent or 
so Nevertheless, this extra 2 5 percent in heart disease is often highly 
salutary 


7he Voice 

The mode of production of the human voice— -with its vaned tones, 
its range of pitch, and its volume — has long aroused the interest of 
physiologists As an instrument of sound, the voice box or larynx, with 
the cavities of the mouth, throat, trachea, and lungs, may be com- 
pared to the pipe of an organ A reed and the column of air in the or- 
gan pipe are set into vibration by an air blast In a somewhat similar 
manner the vocal cords within the larynx are thrown into vibration 
by air expelled from the lungs The nose, mouth, throat, and chest 
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Fig 6 26 The larynx and upper nngs of 
(he trachea. The hyotd is a small bone 
lying near the root of the tongue. The 
thyroid cartilage forms the front and side 
walls of the larynx The cricoid is a circle 
of cartilage shaped like a signet ring, ly- 
ing between the larynx above and the 
trachea below. 



serve as resonating chambers. Certain notes can be played by the or- 
ganist which imitate the human voice m a truly remarkable way. 

The larynx (Fig 6 26) lies at the upper end of the trachea, its walls 
being formed of cartilage and lined with raucous membrane; the vo- 
cal cords are two thln-edged bands or membranes lying within it. The 
cords run from before backward, being attached behind to two small 
cartilaginous bodies (the arytenoid cartilages) and fixed in front to 
the wall of the larynx. By the contraction of small muscles attached to 


A C 



Fig. 6 27 The vocal cords viewed from above (diagrammabc) in 
different degrees of approximation A, in midposition, B, in full ad- 
ducUon; C, in full aMuction. 



766 RESPIRATION 


them, the arytenoid cartilages can be rotated when necessary By this 
means the vocal cords can be swung away from one another — that is, 
outward against the walls of the larynx (Figs 6 27 and 6 28), or in 
ward toward one another until only a small chink remains between 
them At ordinary times the cords he against the wall of the larynx, the 
gap separating them is wide, and no sound is produced during the pas 
sage of the breath During speech they are brought toward one another 
and into the current of air expelled from the lungs, which, being un 



scope 

able to escape except through the narrow opening, sets the edges of 
the cords into vibration 

Sound possesses three properties — loudness quality or timbre, and 
pitch The loudness of the voice depends upon the energy with which 
the vocal cords vibrate, the greater the pressure under which the air 
IS expired, and the greater the movements made by the cords, the 
louder will be the sound The pitch is determined, primarily, by the 
length and tightness of the cords, and, therefore, by the frequency of 
their vibrations In children and women the cords are short, and the 
voice IS high pitched In men the cords arc longer, and the voice is 
deeper All of us can adjust the tension and to some extent the length 
of our vocal cords and so alter the pitch of the voice, but trained sing 
ers have developed this ability to the greatest degree The quality or 
timbre of our voices depends on the number and intensity of the over- 
tones or harmonics which are produced, and these in turn depend upon 
the shape and capacity of the resonating chambers — the mouth, the 
trachea, and the chest The training of the voice consists very largely 
in modification of the mouth and throat cavities so that the sound pro 
duced in the larynx receives the greatest possible number of these har- 
monics or supplementary tones 

In speech the musical sounds produced by the vibration of the vo- 
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Fig 6 29 Showing the positions of the lips and tongue and the 
shape of the mouth cavity when pronouncing a j and oo 


cal cords are modified by the numerous changes which may be made 
in the size and shape of the air passages — the pharynx and the mouth 
The vowel sounds a e, t, o u, are formea in the lower air passages 
and molded as it were by the mouth the latter cavity assuming posi 
tions which are characteristic for each vowel (Fig 6 29) When we 
whisper, these sounds may be produced simply by placing the mouth 
m the required position — that is, without vibration of the vocal cords 
The consonants are formed by mterrupling to different degrees the 
expired air in vanous parts of the vocal pathway 



CHAPTERj^7 

The Physiology of the 
Kidney. Micturition 


Tlie stracturc of the kidney. TTie kidney is composed of a large 
number of microscopical structures called nephrons. They are the ex- 
creting units of the kidney. Their function U the separation from the 
blood of water and certain materials (urea, salts, etc.) in solution 
which are then excreted as urine. In mao, there are some 2,000.000 
nephrons— ■1,000,000 in each kidney. 

The nephron comprises (I) a spherical, vascular structure called 
me renal ghmeruhis or Malpigimn corpuscle, and (2) the rend tu- 
bule (Figs 7.1. 7 2, 7.4, and 7.5). 

^ The renal glomerulus consists of some fifty separate capillaries bent 
imo short loops to form a compact mass caUed the glomerular tuft. 
The upper end of each renal tubule is expanded into a structure known 
^ Bowman’s capsule. The cavity of Bowman’s capsule is crescentic 
m cross section, owing to the encroachment of the capillary tuft which 
IS. as It were, pushed into one side of the capsule as a ball might be 
pressed into the side of a partially inflated balloon. The walls of the 
capsule are formed of a thin membrane composed of a single layer of 
flat cells which, therefore, serves also as a covering for the glomerulus. 

1 his membrane and the cquaUy thin walk of the capiUaries alone sep- 
arate the blood from the cavity of Bowman’s capsule. 

'pe renal tubule drains Bowman’s capsule and, for purposes of de- 
scription, can be divided into three parts. The first third or so is tor- 
tuous. and lies in close relation to the glomerulus; it is known as the 
proximal convoluted tubule. The walk of thk portion of the tubule 
are composed of a single layer of columnar epithelial cells. The free 
268 
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COLLECTING 
TUBULE 


Fig. 7.1 Showing a rmal unit or nephron of the cortex of the lud* 
ney. With its blood supply, and a collecting tubule. The thm part of 
Hede’s loop varies in length; it often extends into the ascending 
limb of the loop or may even be confined to this hmb. 
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Fig 7 4 Drawn from a photograph of portion of a kidncj 
after injecting its veaseis with fluid that sol dified and then 
destroying the renal tissue with acid to reveal the glomeruli 



Fig 7 5 Microscopical appearance of normal renal us 
sue G glomerulus T tubule 
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merular capillary pressure can be brought about through changes in the 
relative diameters of the two vessels. Dilatation of the afferent arteriole 
or constriction of the efferent, the caliber of the other vessel in each 
instance remaining the same, causes a rise in the blood pressure in the 
capillaries of the renal glomerulus. Constriction of the afferent or dila- 
tation of the efferent vessel will produce the revene effect. 

The blood, after traversing the glomerulus, iS distributed to the rest 
of the nephron through branches of the efferent vessels which terminate 
in a capillary network surrounding the tubules. 


Fig 7.7 Intenor of the 
kidney sectioned length- 
wise Urine enters pelvis 
of the kidney through 
openings m the tips of 
the pyramids m the me- 
dulla 



The nerves of the kidney are derived from the vagur and splanchnic 
(sympathetic) nerves. These nerves have no secretory action, for the 
kidney continues to perform its functions in a normal manner after it 
has been completely denervated. 

The renal nerves act solely upon the renal vessels controlling the 
volume of blood entering the organ It is probable that they also cause 
changes m the distnbulion of blood withm the kidney itself, diverting 
blood from one part of the renal tissue to another. It has been found 
within recent years that there are actually two pathways which the 
blood may take in its passage through the kidney — namely, through 
the glomeruli in the superficial part of the renal cortex, or through 
other glomeruli situated more deeply in the cortex near the renal 
medulla (Figs. 7 6 and 7.7). For example, stimulation of the central 
end of a cut sciatic nerve in an animat such as the rabbit causes the 
blood to “by-pass” the first-mentioned vessels, which is the course 
taken by the blood under ordinary circumstances, and to travel through 
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the more deeply placed glomeruli A renal vascular reflex of this sort 
probably occurs in surgical shock due to severe tissue injury 
The composition of the urine. The chief urinary constituents in 
grams per liter of urme arc given m the following table 

Urea is derived mainly from the breakdown m the body of food pro 
tern It therefore, vanes considerably with the quantity of protein m 
the diet On a low protein intake, rt may be less than a sixth of the 

Table 7<T 

Urinary constlluenit 
I Iriorganic consUfuents 

Crams per bier 


Chloride expressed as HaCl 9 0 y 

Phosphorus expressed as PjO, 2 0 

Total suUur expressed as SO, I 5 

Sodium expressed as Na O 4 0 

Potassium expressed as K O 20 

Calcium expressed as CaO 0 2 

Magnesium expressed as MgO 0 2 

Iron 0 003 


II l^ttrogenous consuinents 

Urea 

2S 0 grams containing approximately 1 0 0 grams nilrogea 
Ammonia 

0 6 gram containing approximately 0 4 gram nitrogen 
Unc acid 

0 6 gram containing approximately 0 2 gram nitrogen 
Creatinine 

1 5 gram containing approximately 0 5 gram nitrogen 

Undetermined nitrogen 06 gram 

Total 1 1 7 gram nitrogen 

value given m Table 7 1 The creatinine, on the other hand, ^ derived 
mainly from the disintegration of body tissue, its excretion is, therefore, 
almost unmnucnccd by the protein level of the diet 
The uric acid is derived from punnes (p 366) taken in the food, as 
well as from the punnes of body tissue Ammonia is formed in the 
kidney itself from glulamine carried to it in the blood The color of 
the urine is due to a pigment called urochrome Normal urine does not 
contain glucose, except occaswmally after meals, minute amounts may 
then appear 
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The reaction and specific graTrty of the urine. Under ordinary cir- 
cumstances, the urine is definitely acid. The average pH is around 6,0, 
but the reaction varies considerably with the nature of the diet. Most 
fruits reduce the acidity of the urine, for they contain the salts of or- 
ganic acids; the acid is oxidized, leaving the alkali, which is excreted. 
Starvation increases the urinary acidity, because sulfuric and phos- 
phoric acids are formed from the breakdown of body protein, and 
acetoacetic and 0-hydroxybutyric acids from the metabolism of body 
fat. A high protein diet also increases the quantity of acid excretion. 
Herbivorous animals, on the other hand, excrete an alkaline unne ex- 
cept when fasting, the urine then becoming acid In diseases associated 
with the production of large amounts of organic acids in the body — 
e g., acetoacetic and 0-hydroxybutyric acids in diabetes — the urine is 
more strongly acid than normally. 

The normal acidity of the urine is a manifestation of one of the 
most important functions performed by the kidney — namely, to aid 
in maintaining the alkalinity of the bloc^ and body fluids. Blood com- 
ing to the kidney has a pH of around 7.4; the urine, as just mentioned, 
has an average pH of 6.0. The kidney separates acid from basic sub- 
stances, retaining the latter withm the body and excreting the former. 
This conservation of the body’s base is brought about in part by the 
conversion in the kidney of the alkaline phosphate of the blood 
(NasHP 04 ) into the acid phosphate (NaHjPO,). For example, the 
concentrations of the alkaline and acid phosphates in plasma are as 
4 to 1 , whereas, in urine they are as 1 to 9. Another way in which the 
kidney conserves fixed base (chiefly sodium) to the body is by the 
formation of ammonia. The ammonia then combines with acids 
brought to the kidney, which excretes them as ammonium salts. 

The specific gravity of the urine of adults ranges under ordinary cir- 
cumstances between 1.020 and 1.032; U is much lower in infants. In 
health, the specific gravity swings readily in one or other direction, in 
response to variations in the intake of fluid. For example, when a nor- 
mal person drinks a large quantity of water, the unne which he passes 
within the next couple of hours is very dilute; the specific gravity may 
be as low as 1.001 or 1.002. On the other hand, after abstaining from 
fluids for some time, the specific gravity of the unne rises to 1.030 or 
higher. In the later stages of kidney disease, the specific gravity of the 
urine is low under all circumstances. It remains almost fixed around 
a value of 1.010, in spite of wide variations in the fluid intake. 

The volume of the urine. In man, from 1000 to 1500 cc of urine are 
formed in 24 hours. The volume varies, of course, with the amount of 



276 THE PHYSIOLOGY OF THE KIDNEY. MICTURITION 


fluid drunk and with that lost through other channels — skin, lungs, 
and bowels. It Is reduced, therefore, in hot weather or as a result of 
diarrhea or vomiting. The products of proteih metabolism, especially 
urea, increase urine production; the volume of the urine is greater, 
therefore, upon a high than upon a low protein diet. Urine formation 
IS reduced during sleep, but the total excretion of urinary solids (c.g , 
urea, uric acids, phosphate, etc.) is about the same during the night 
as during a day period of equal length, the kidney merely excreting 
less water — that is, more water is reabsorbed from the tubules The 
urine passed after rising in the morning is therefore more concen- 
trated than ordinary day urine A decided rise In the volume of the 
night urine, as a persistent phenomenon, is called nycturia. It is an 
early sign of chronic renal disease. Muscular exercise, especially of a 
strenuous nature, reduces the volume of the urine, as a result of the 
liberation of the antidiuretic hormone of the pituitary body as de- 
scribed on page 281 

Tlie formation of urine. Though the renal corpuscle was described 
by the Ilaban anatomist, Marcello Malpighi, in the seventeenth cen- , 
tury (1666), it was not until nearly 200 years later (1842) that the 
English anatomist and surgeon, Sir William Bowman, recognized the 
functional significance of this structure, and of the capsule which is 
known by his name. From his studies of the structure of the glomeru- 
lus, Bowman concluded that It served simply as a filter to remove wa- 
ter and salts from the plasma Though others have contended that the 
layer of Bowman’s capsule covering the capillaries of the glomerular 
tuli actually secre/ed these urinary constituents, the former view is now 
universally accepted. The glomerular membrane — that is, the walls of 
the capillaries and the layer of Bowman’s capsule in contact with them 
— acts in a purely passive manner, its cells, unlike those of a true 
gland, possessingno secretory function. 

FiUraiion through the ghmeriiltis. Let us now consider the filtra- 
tion process in greater detail. Filtration through a membrane may be 
defined as the separation, by gravity or pressure, of liquid and such 
materials as can pass through the membrane from other materials to 
which it is impervious. Water, salts, and other substances of rela- 
tively small molecular size pass through the capillary walls of the glo- 
merulus into Bowman’s capsule, but the capillary membrane offers an 
impassable barrier to the blood cells and the plasma colloids (pro- 
teins). If there were no proteins or other colloids of comparable mo- 
lecular sire in the blood plasma, the force driving water and salts from 
the capillaries of the tuft into the cavity of Bowman’s capsule would 
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be equal to about 65 mm Hg — that is, the difference between the capil- 
lary blood pressure (70 mm Hg or so) and the pressure m Bowman's 
capsule (about 5 mm Hg). But the plasma proteins, smce the glo- 
merular membrane is impermeable to them, exert an osmotic pres- 
sure (see p. 64) which opposes the blood pressure This force acts 
to hold water and dissolved substances within the vessels; it, and the 
pressure m Bowman’s capsule, must be overcome by the hydraulic 
force of the blood m the glomerular capillaries The capillary blood 
pressure must be higher, therefore, than the osmotic pressure of the 



Hg 7 8 Dtagram to illustrate the forces responsible for the 
excretion of tester and dissolved substances from the blood 
flowing through the glomerufar capillanes. and the reabsorpbon 
of threshold substances from the tubules BP, blood pressure. 

OP, osmotic pressure, FP, filtration pressure, CP, capsiUar pres- 
sure. All pressures m mm of mercury. 

plasma colloids (proteins) and the capsular pressure combined, in 
order for filtration to occur The osmotic pressure of the plasma pro- 
teins is around 30 mm Hg. Therefore, the actual dnving force, or effec- 
tive filtration pressure, in millimeters of mercury is as follows (see also 
Fig.7.8): 



278 THE PHYSIOLOGY OF THE KIDNEY. MICTURITION 


70 - 30 - 5 = 45 

Blood Osmotic Pressure {o E/Tective 

pressure pressure capsule filtration 

The filtration theory of glomerular function just outlined has been 
confirmed in every detail by experiment. For example, a rise in blood 
pressure within the glomerular capillaries, without any change oc- 
curring in osmotic or capsular pressure, causes an increase in the 
amount of filtrate formed. Lowering the osmotic pressure while the 
blood pressure is kept constant, as by the intravenous injection of a 
saline solution (which, of course, dilutes the proteins), also increases 
the flow of urine. On the other band, raising the pressure in Bowman’s 
capsule by blocking the ureter reduces the volume of the filtrate and, 
when the capsular pressure just about equals the amount by which the 



Fig. 7.9 IllmtrellBg 
Richsfds' method of ob- 
taining a sample of glo- 
merular filtrate. When 
the bulb of mercury Is 
raised, air is expelled 
from the tubing: upon 
lowering the bulb to the 
position indicated by the 
dotted outline, fluid is 
sucked from Bowman’s 
capsule. 
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blood prwsure exceeds the plasma (»motic pressure (which would be 
40 mm Hg in the example given above), urine formation ceases. 

A crucial experiment was performed by Dr. Richards of the tJniver- 
sity of Pennsylvania which has finally dispelled all doubt that the glo- 
merulus acts as a filter. He obtained a sample of fluid as it was pro- 
duced by the glomerulus of the kidney of a living frog, by inserting a 
fine glass pipette into Bowman’s capsule and sucking off the filtrate by 
means of a flask of mercury and a length of tubing as depicted in Fig- 
ure 7.9. This fluid was found to contain glucose, chloride, and all the 
other constituents of plasma except the proteins. It was alkaline in re- 
action. In other words, it was a filtrate (or ultrafiltrate) — simply dc- 
proteinized plasma. 

It is scarcely conceivable that the fluid of Bowman’s capsule would 
be of exactly the same composition as that of plasma if it were pro- 
duced by a secretory process. 

The concentrating function of the tubules. Normal urine is much 
more concentrated than the filtrate in Bowman’s capsule— -that is, it 
contains a higher percentage of total solids; It is hypertonic with re- 
spect to the plasma, and has a much smaller volume. The quantity of 
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filtrate formed by the human kidneys in 24 hours amounts to from 75 
to 150 liters, whereas the quantity of urine secreted in the same time 
is only from I to li liters. Obviously, a large volume of water — from 
98 to 99 percent of that filtered through the glomerulus — must have 
been reabsorbed from the tubules into the blood stream Furthermore, 
glucose is present in the filtrate, but is absent, in health, from the 
urine. Glucose, then, must be reabsorbed; in the frog sodium chlo- 
ride must also be relumed to the blood, for Richards, in the experi- 
ment upon the frog’s kidney mentioned above, found it in the filtrate 
but not m the urine. Materials stich as urea, phosphates, and uric acid 
are reabsorbed to only a small extent, while other waste products, such 
as creatimne and sulfates, are reabsorbed in traces or not at all. Glucose 
and the essential salts, since they do not escape into the urine in con- 
sidwable quantities unless their concentrations in the •plasma are ab> 
normally high, are called high‘thresho!d substances. Those substances 
which are reabsorbed to a minor extent (urea, phosphate, and uric 
acid) ate called low’tfveshold substances, while those (creatinine and 
sulfates) which are not absorbed at all are called nonthreshold sub- 
stances (see Table 7-2). 

Glucose, sodium chloride, vitamin C, amino acids, and probably 
other essential materials are reabsorbed from the filtrate in the proxi- 
mal convoluted tubule. This part of the nephron is also responsible for 
from 80 to 90 percent of the water reabsorbed from the filtrate. The 
remaining 10 to 20 percent of the reabsorbed water is relumed to the 
renal blo^ from more distal portions of the tubules — probably the thin 
part of Henle’s loop. Little or no concentration of the filtrate occurs 
in the proximal tubule, the water reabsorbed containing solids in about 
the same concentration as does the filtrate. The concentrating func- 
tion is effected by the reabsoiption of water in the more distal portions 
of the nephrons. 

The change in reaction of the urine, from alkaline to acid, occurs 
in the distal convoluted tubule. 

As already stated (p. 272), the urine after leaving the distal con- 
voluted tubule and entering the collecting tubules undergoes little or 
no further change 

The process of filtration across the glomerular membrane (capil- 
lary walls and covering layer of Bowman’s capsule) is purely passive, 
in so far as the membrane itself is concerned. TTiat is to say, this mem- 
brane interposed between the capillary blood and the cavity of Bow- 
man’s capsule pla}s no active part m the separation of the water, salts, 
and other materials present in true solution in the plasma from the 
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plasma proteins. It exhibits no selective action; no energy is expended; 
no oxygen is consumed in the process. On the contrary, the cells of the 
tubules exercise a selective action: some constituents of the glomerular 
filtrate are reabsorbed; others are discarded (excreted in the urine); 
energy is expended by these cells in the reabsorption process; oj^gen 
is consumed. The process may be looked upon as a reverse secretion, 
selected materials being passed back into the blood rather than as in 
the secretion of an ordinary gland which, after separating certain con- 
stituents from the blood by a specific action of its cells, discharges them 
into the alveoli of the gland.* 

The tubules, in some species at any rate, also have an ordinary 
secretory function, adding urea, uric acid, and other substances to the 
filtrate. 

The action of hormones upon renal function. In health, the propor- 
tion of the filtered water which is reabsorbed by the proximal con- 
voluted tubule is fixed at a value somewhere between the values al- 
ready given — namely, 80 to 90 percent. That is to say, if the volume 
of the filtrate is 100 liters and the total volume of water reabsorbed is 
98 liters, then 85 percent of this, or about 83 liters, is absorbed by the 
proximal convoluted tubule. On the other hand, the amount of water 
reabsorbed by the more distal part of the tubule varies very widely 
under different physiological and pathological conditions. It is solely 
through this vanability that the urine is made less or more concen- 
trated with corresponding changes in its volume. The foremost and 
most potent factor in altering the amount of water reabsorbed by the 
tubules distal to their proximal convoluted p ortions is the antidiuretic 
hormone of the pituitary body ( see Chap. 10). This principle increases 
the reabsorption of water and reduces the reabsorption of sodium chlo- 
ride; when it is lacking, reabsoqition of water is reduced and the re- 
absorption of sodium cblosWe rocreased. In the absence of tins hor- 
mone, the urine is, therefore, of large volume and very ddute (see 
diabetes insipidus, p. 444). The antidiuretic hormone appears to exert 
its effect upon the thin section of Hcnle‘s loop. One reason for believ- 
ing in the truth of this statement is the fact that m animals such as 
frogs, whose kidneys do not have this segment, pituitaiy extract (con- 
taining the antidiuretic hormone) exerts no renal effect. The kidneys 

* The cells of the tubules id reabsorbrng water from the filtrate expend a pro- 
gressively greater amount of energy as the concentration of this fluid increases and, in 
consequence, its osmotic pressure rises The cells are said to perform osmotic work. 
When the osmotic pressure reaches a pomt at which it exceeds the power of the cells 
to perform the required osmotic work, the reabsorption of water ceases, the Urine 
having attained its maximal concentration. 
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of such animals have no concentrating power, their urines are actually 
hypotonic with respect to the plasma 

The hormones of the adrenal cortex (p 426) also exert an effect 
upon the excretion of water and soduun chloride by the kidney They 
increase the reabsorption of sodium and reduce the reabsorption of 
potassium Therefore, when there is insufficiency of the adrenal cor* 
tex, the reabsorption of sodium is reduced and that of potassium is 
increased, wnh consequent loss of the former from, and undue reten- 
tion of the latter in, the tissues and fluids of the body (see Addison’s 
disease. Chap 10) 

Diuresis. Increased flow of unne is called diuresis, and drugs which 
cause such an effect are known as diuretics This group of drugs in 
dudes caffeine (of coffee and tea), theobromine (of cocoa), theo- 
phylline (of tea), urea, and various salts (e g , potassium nitrate, po 
tasslum citrate, ammonium chloride, sodium sulfate, and certain mer- 
cury compounds) 

It IS evident from the outline of the mechanism of renal excretion 
jUst given that there are two ways in which a greater flow of unne 
could be produced — namely, by increasing glomerular filtration or by 
diminishing tubular reabsorption Caffeine, theobromine, and theo- 
phylline cause more capillary loops to open up and, thus to increase 
the total filtering surface of the kidney Sodium sulfate and the mer- 
curial diuretics dimmish reabsorption — the former by its osmotic dlect 
after its passage into the renal tubules, the latter by its depressing ac- 
tion upon the readsorptive function of the cells of the tubules Caffeine 
also exerts its diuretic effect by reducing reabsorption as well as by 
causing renal vasodilatation 

The renal response to water drinking — water diuresis The dnnkmg 
of a large quantity (1 to 3 pints) of water is followed within 60 nun 
utes or so by the passage of a large volume of very dilute unne (spe- 
cific gravity around 1001) The renal effect lasts for 2 or 3 hours The 
resemblance of this response, as well as the very dilute nature of the 
unne, to the charactcnstic renal features of diabetes insipidus (due to 
the lack of antidiurctic principle of the pituitary body) has long been 
recognized The suspicion grew that in the mechanism of water diurc 
sis the antidiurctic hormone of the pituitaiy was m some way involved 
The results of recent expenments have shown how well founded was 
this suspicion Without going into details, the course of events will be 
bnefly described The ingested water after absorption from the intcs 
tine causM, through dilution, a slight fall in the osmotic pressure of 
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the blood. The blood dilution exerts an effect upon certain nerve cells 
of the brain (their exact location is unknown) which are extremely 
sensitive to any change in the osmotic pressure of the blood with which 
they are supplied. The nerve cells — a type of receptor organ (p. 514) 
— are called osmoreceptors. In lesponse to a lowering of the osmotic 
pressure of the plasma, the osmoreceptors exert an influence, either 
nervous or hormonal in nature, upon the cells of the posterior lobe of 
the hypophysis which causes a reduction or suppression of its anti- 
diuretic hormone. This hormone, under ordinary circumstances, is 
continually being secreted into the circulation and exerting its char- 
acteristic effect upon the formation of urine. The withdrawal of the 
antidiuretic action, therefore, is followed after a short interval by an 
increased production of urine, which is of very low specific gravity. 

During a period of water deprivation, the kidney conserves its wa- 
ter stores The volume of urine is reduced due to the liberation of an 
excess of the antidiuretic hormone. Again, the effect upon the pituitary 
is brought about by a change in the osmotic pressure of the blood, but 
now the effect is in the opposite direction for the deprivation of water 
has caused some slight increase in blood concentration. 

The reduction in urine volume caused by the injection of a small 
quantity (0 001 cc) of pituitary extract into the internal carotid artery 
can be duplicated exactly by Wccofa 2.5 percent (hypertonic) solu- 
tion of sodium chloride or of sugar, introduced in the same manner 
into the cerebral circulation; such hypertonic solutions cause a rise in 
the osmotic pressure of the plasma of sufficient magnitude to affect the' 
osmoreceptors. 

Summary of the chief functions of the kidney. 1. The kidney main- 
tains the normal composition of the plasma through the elimination of 
excess water and the waste products of protein and purine metabolism 
(e.g., urea, creatinine, sulfates, uric acid, etc.), retaining at the same 
time the essential constituents of (he blood (e.g., cells, proteins, glu- 
cose, and inorganic salts). 

2. The kidney plays a prominent role in the regulation of the acid 
base balance of the body, through (a) the production of ammonia 
which, being then excreted in combination with fixed acids (ammo- 
nium salts), conserves the body’s store of alkali, and (b) through the 
conversion of alkaline phosphate to the acid salt (Na^HPO, to 
NaH.PO,). 

Impainnent of renal function. In nephritis, the commonest type of 
kidney disease, a proportion of the renal glomeruli are the seat of an 
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acute or chronic inflammatoiy process. Some or all of the capillary 
loops in the diseased glomeruli are destroyed and, as a consequence, 
the filtering surface of the kidney is reduced. When the glomerular 
destruction is extensive, serious impairment of renal function results. 
The reader will recall that the tubules are supplied with blood which 
has previously traversed the glomerular capillaries. It follows, there- 
fore, that glomerular damage must inevitably interfere with the nour- 
ishment of the tubules, with consequent impairment of their poster 
o! selective reabsorption and, thus, to concentrate the filtrate The 
urine is, therefore, much more dilute, as a rule, than normal. It has 
been mentioned that the specific gravity of the urine in chronic nephritis 
cannot be raised above 1 010 or so. Korean it be lowered much below 
this level by drinking a large volume of water. The changes in urine 
concentration (as indicated by the specific gravity) which can be ac- 
complished so easily by the healthy kidney, in response to alterations 
in fluid intake, are quite beyond ihc power of the severely diseased 
kidney. 

The chief manifestations of kidney disease are: ( 1 ) the retention in 
the blood of nitrogenous waste products (e.g., urea, uric acid, creati- 
nine, as well as of phosphates and sulfates); (2) impaired excre- 
tion of water, or failure to concentraie the urine; (3 ) protein, casts, and 
perhaps blood in the urine; (4) edema; (5) high blood pressure (see 
p 143); and (6) acidosis, in the later stages of the disease. 

In severe nephritis the concentration in the plasma of urea and the 
other wastes mentioned above may be several times greater than in 
health. The difficulty in the excretion of water is shown by giving the 
subject a quart or so of water to drink and measuring the urine out- 
put hourly for a few hours thereafter. The normal person excretes all 
the ingested water within from 2 to 4 hours, but when the kidneys arc 
seriously damaged only a part of the water is excreted by the end of 
4 hours. 

Normal urine is free from protein, but in kidney disease large quan- 
tities may appear. It is derived from the plasma. The diseased glo- 
merular membrane permits the passage of serum albumin and smaller 
quantities of serum globulin (whose molecule js larger than that of 
albumin) ; fibrinogen, on the other hand, which has a larger molecule 
than those of the other plasma proteins, does not escape into the urine. 
When the loss of protein in the urine is excessive, its concentration in 
the plasma is reduced The osmotic pressure of the latter falls in conse- 
quence, and edema results (sec p. 101 ). 
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Micturition or the Voiding of Urine 

The tubules of the kidney empty through a number of short ducts into 
a funnel-shaped membranous structure called the pelvis (basin) of the 
kidney. A narrow duct, containing smooth muscle in its walls and called 
the ureter, conveys the urine from the kidney pelvis to the urinary blad- 
der. The urine is propelled along the ureter by peristaltic contractions; 
it enters the bladder in jets which occur at the rate of from one to five 
per minute. 

The urinary bladder serves as a reservoir for the urine. It is a hollow 
muscular organ lined by modified stratified (transitional) epithelium. 
It has a maximum capacity of from a half to one pint. The most de- 
pendent part of the bladder leads into the urethra, through which the 
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urine is passed to the exterior (Fig. 7.10), This junction of the bladder 
with the urethra is guarded by a collection of circularly arranged, 
smooth muscle fibers, called the internal vesical sphincter. A little 
above and behind the urethral opening, the bladder wall is pierced 
obliquely by the ureters. The triangular area of the bladder wall marked 
off by the urethra and the two ureteral openings is called the trigone. 
The muscle forming the rest of the bladder wall is called the detrusor 
muscle. The caliber of the first inch or so of the male urethra is con- 
trolled by striated muscle, which is generally referred to as the external 
vesical sphincter. 

Evacuation of the bladder. As urine gradually collects within the 
bladder, tbe pressure within it shows very little change for a time, the 
tone of the detrusor muscle adapting readily to the increased volume 



Rg. 7.11 Curve of pressure 
changes in ihe human bladder dur- 
ing fiiliDg {upper curve) and emp- 
tying (/oH’cr curve). Note that the 
internal pressure shov^t Ijttle aus- 
tained increase until the volume 
of fluid amounts to more than 200 
cc. (Denny-Brown and Robertson) 


(see postural tone, p. 294). Not until the urine volume is between 200 
and 300 cc docs any noticeable rise ra internal pressure result (Fig. 
7.11). Rhythmical contractions Of the detrusor muscle then occur in 
response to the tension exerted upon the muscle fibers. The contrac- 
tions are weak at first but, gradually gaining strength as the unne 
volume increases, culminate in a strong reflex contraction of the blad- 
der wall, accompanied by relaxation of the internal sphincter and 
trigone. 

The act of micturition, though dependent upon reflex mechanisms, 
is, in the adult, very largely under voluntary control. The reflex con- 
tractions of the detrusor can be inhibited, and contractions of the in- 
ternal sphincter induced, by an effort of the will. Thus, tbe reflex 
mechanisms can be restrained until an opportunity for voiding the 
urine presents itself. The restraint is then removed, and the contrac- 
tions of the bladder wall which ensue are reinforced by voluntary 
nerve impulses transfnitted along the motor nerves supplying the 
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detrusor muscle. A rise in intra-abdominal pressure, due to contractions 
of the abdominal muscles and fixation of the diaphragm in the inspira- 
tory position, usually precedes and accompanies the act of micturition. 
However, a voluntary movement of this character is not essential, the 
bladder mechanism being capable itself of expelling the urine. 

The motor fibers to the detrusor muscle, and the inhibitory fibers to 
the internal sphincter and trigone, are derived from the parasympa- 
thetic division of the autonomic nervous system through the pelvic 
nerves (second, third, and fourth sacral segments). These fibers are 
peculiar in that, as indicated above, they transmit voluntary as w’ell as 
involuntary impulses to the detrusor muscle. 

The sympathetic division of the autonomic nervous system exerts 
an opposite effect upon the movements of the bladder. Through the 
hypogastnc nerves it transmits inhibitory impulses to the detrusor 
and motor impulses to the internal sphincter and trigone (PI. 7 B). 

The external sphincter of the male, which is composed of striated 
muscle, is supplied with motor fibers through the pudendal nerves. 
The afferent nerves of the reflex arc governing micturition run mainly 
in the pelvic nerves. 

The centers of the micturition reflex are situated in the midbrain, 
pons, and sacral part of the spinal cord (second, third, and fourth 
sacral segments). Micturition is carried out through the spinal center 
when the cord is severed above the sacral region Even after destruc- 
tion of the spinal center, the bladder empties automatically, its move- 
ments being then brought about through the nerve plexuses in close 
relation to the bladder wall. 

The nervous mechanisms through which restraint is exercised in 
the control of micturition — (bat is, the inhibition of the micturition 
reflex — is late in developing to the state of efiiciency where, as in a 
beaUby ad\ib, \be wint tan be itlaintd in tvtn an nntomfonabiy dis- 
tended bladder. In infants, urine is voided involuntarily with no effort 
being made at restraint. In young children, though there may be com- 
plete control of the act of urination during the day, the emptying of the 
bladder during sleep, "bed-we/fing” or nocturnal enuresis, as it is 
called, is of common occurrence. The age at which restraint is fully 
developed — at night as well as during the day — varies with the nervous 
constitution of the child and with his training, but is established as a 
rule, except for an occasional lapse under unusual circumstances, at 3 
to 4 years. In persons of neurotic disposition, nocturnal enuresis may 
persist into adult life and, in the feeble-minded, restraint may fail to 
be exercised either during sleep or in the waking hours. 




tJg ^nYcycd j ojhe stomach T he stomach evacuates its contents into 
ae OTall intestine which discharges, in turn, into the I^ge intestine 
>ee ig. 8.1). A descriptive outline of the structure of each part of the 
(gestive tract, to so far as a knowledge of structure is necessary for an 
ndentanding of function, will be given to the section dealing with 
le physiology of that particular part. 

The various processes carried on to the alimentary tract which bring 
bout the physical and chemical changes in the food— mechanical dis- 
ilegration, the decomposition of large molecules into simpler and 
laony soluble compounds, and the absorption of these into the blood 
-are all embraced under the word digestion. Digestion involves, 
lere ore, mechanical factors (mastication, swallowing, and the move- 
® ^ ® gastrointestinal tract) as well as chemical. Digestion in 
e different parts of the alimentary tract wiU be described in order, 
immcncmg with the mouth. In each instance, a description of the 
lemic changes which the food undergoes during the digestive proc- 
hormonal mechanisms controlling secretion 
e igestive juices, will be followed by an account of the movements 
e part under discussion. First of all, a general account of enzymes 
an poper/Zes of smooth muscle, of which the 

ills of the digestive tube are largely composed, must be given. 


-nzymes (G. zyme = yeast) or Ferments 
and Their Action 


P^’olin of saliva, the pepsin of gastric 
288 * * f'yp^in of pancreatic juice — are responsible for the 
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Fig. 8.1 Diagram of the gastrointestinal tract Most of the small intes* 
line (neum) excised. 


chemical changes which the food undergoes during digestion. The 
chemical changes comprise the breaking up of the large molecules of 
carbohydrates, proteins, or fats into smaller molecules which are able 
to pass through the jnleslinal mucosa into the blood stream. The chem- 
ical process is called hydrolysis (Gr. hudor, water -b lysis, breaking up) 
since, as a preparatory step to the splitting of the larger molecules, a 
molecule of water is taken up. Thus, the cleavage of a molecule of 
maltose into two of glucose is represented by the following equation: 

CuHnOu -f- HiO = QHcOf -b 
maltose water ghicose glucose 
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Such reactions, in order to be accomplished by the ordinary chemical 
methods of the laboratory, require the use of strong reagents, and 
usually a high temperature The digestiw ferments act at a relatively 
lew temperature (that of the body), and without the aid of harsh 
chemicals 

It IS not only the chemical reactions involved m digestion that are 
dependent upon enzyme action These substances are concerned in the 
great majonty of chemical reactions which occur in the tissues of both 
animals and plants and upon which the properties of living matter 
depend Enzymes or at least the great majonty of them, are protein in 
nature Though produced by living cells they do not all require the 
presence of cells m order to act Certain enzjmes of yeast, for exam 
pie, when expressed from the yeast cells, are capable of exertmg their 
usual effect — the conversion of sugar to alcohol 

Several theones have been put forward to explain the manner in 
which enzymes act, but none can be said to have been definitely estab- 
lished However, many facts are known concerning the action of en 
zymes which indicate that they belong to the group of substances 
known m chemistry as catalysts Now, a catalyst increases the velocity 
5f a chemical reaction but does not actually initiate the reaction Nor 
Joes a catalyst become altered or form a part of the product of the 
reaction Catalytic action has been compared by Sir William Bayhss 
to the effect which a drop of oil exerts upon the speed of a metal 
weight moving down a glass incline The oil hastens but does not mi 
liate, the movement of the weight, nor does it combine with the metal 
or the glass or undergo any chemical change whatever To take a 
specific instance of catalytic action when acetic acid and ethyl alco 
hoi are mixed ethyl acetate is formed slowly, but the velocity of the 
reaction is greatly increased by the addition of a very small amount of 
hydrochloric acid Thus 

Ha + CHjCOOH + C,H,OH ^ CH,COOC,H» + HOH 

hydrochjo acetic dhyl ethyl water 

nc acid acid alcohol acetate 

It Will be seen from this equation that the hydrochloric acid does not 
enter into the reaction Tlie latter, as shown by the arrows, is revers 
iblc That IS, the combination of acetic acid with ethyl alcohol to form 
ethyl acetate is accompanied by a reaction m the opposite direction 
— namely, the breakdown of ethyl acetate into acetic acid and ethyl 
alcohol When the velocities of these two opposing reactions are equal, 
a state of equilibrium has been reached If the concentration of ethyl 
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acetate is raised, the velocity of the reaction on the left is increased — 
that is, the reaction shifts to the left until equilibrium is reached again, 
if the concentrations of acetic acid and ethyl alcohol are raised, the 
reaction shifts to the right,* or the concentration of ethyl acetate is re 
duced by removing it as it is formed The hydrochlonc acid increases 
the velocity of the reaction m either direction, it is an inorganic cata 
lyst Enzymes act m the same way, they arc, therefore, organic cata 
lysts — ^that is, catalysts formed by living organisms It should be 
pointed out that both types of catalyst exert their effects in very low 
concentrations, a small quantity of ptyahn, for example, will convert 
a relatively large quantity of starch to maltose, ' a little Jeaven leaven 
eth the whole lump ” 

Enzymes differ in one important respect from most of the inorganic 
catalysts m being absolutely specific in their actions Ptyalm, for ex 
ample, acts upon starch, but has no effect whatsoever upon proteins 
or fats, pepsin converts protein to proteoses and peptones, but has no 
action upon the other two types of foodstuff 

Reversibdity of enzyme action. The actions of most enzymes are 
reversible That is to say, after catalyzing a certain reaction, they can 
drive that reaction in the opposite du^ction and cause the reverse 
effect This is indicated in the equation shown above, and has already 
been noted for carbonic anhydrase (p 112) But m the case of the 
digestive enzymes and many others, reversibility of action does noi 
occur in the body to any appreciable degree, though it can be demon 
strated m vitro It has been shown, for example, that pepsin (p 307} 
can synthesize a protemlike substance from a solution containing a 
mixture of amino acids 

Conditions Mhich mfluence the action of enzymes. 1 Optimum 
temperature Enzymes act with maximum efficiency at a certam tem 
perature {optimum temperature) Lowenng the temperature below, or 
raising it above, this level slows the reaction There is a certam definite 
temperature for each enzyme at which it acts at maximal efficieni^ 
The digestive and other enzymes of animals act best around the tem- 
perature of the body A high degree of heat (above 60“ C) perma 
nently abolishes their action 

2 Hydrogen ion concentration The optimum pH for the different 
enzymes vanes widely, for pepsin U is around 1 5, for pancreatic am 
ylase about 7 0 The former enzyme js inactive ju an alkaline medium, 
the latter in a strongly acid medium 

* These facts arc embodied in the law of mass aelion which states that “the 
velocity of a chemical reaction is proportional to the concentrations of the reacting 
substances “ 
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3. Inorgamc salts. Emyme action is profoundly affected cer- 
tain ions, notably chloride which is necessary for the activation of the 
amylases. Magnesium greatly accelerates the action of phosphatase, 
and trypsm is activated by calcium. Iron is essential for the action of 
certain respiratory enzymes in the tissues. Substances such as these, 
which activate or enhance the action of enzymes, are called coenzymes, 

4. Poisons. Mercury, gold, copper, and several other heavy met- 
als exert a strongly toxic effect owing, apparently, to their combining 
with the enzyme. Cyamdes abolish the action of oxidizing enzymes of 
the tissues (p. 263). Fluondes, bromine, iodine, and chloroform are 
also toxic for some enzymes. 

5. The products of the enzyme reaction. It has been mentioned 
(p. 290) that an enzyme reaction comprises two processes — decompo- 
sition and synthesis — proceeding simultaneously. As the equilibrium 
point is approached the velocity of the reaction gradually dunmishes. 
For example, in the conversion of starch to maltose by ptyalin, the 
reaction proceeds rapidly at first, but as the concentration of maltose 
increases, the velocity of the opposing or synthetic reaction — maltose 
to starch — increases. At a certain stage the quantity of starch broken 
down m a given time just balances the quanti^ resynthesized. In 
other words, the enzyme reaction, to all intents and purposes, ceases 
as a result of the accumulation of its own products. If more starch 

^ (substrate) is added, the reaction starts again and continues until 
equihbnum is again reached. 

Nomenclature. The material upon which an enzyme acts is called 
the substrate, and it is now the practice to derive the name of the en- 
zyme by adding the suffix “ase" to the name of its substrate. For ex- 
ample, an enzyme which hydrolyzes starch is called an amylase 
(L. amyium, starch); one which acts upon protein, a proteinase; and 
on fat, a lipase (Gk. Iipos, fat). Amyolytic (starch-splitting), proteo- 
lytic (protein-splitting), and lipolytic (fat-splitting) are correspond- 
^ ing terms used to denote the respective actions of these three ty^s of 
enzyme In some instances the name of the enzyme is coined by suf- 
fixing "are” to the name of the reaction which jt brings about. Thus 
an enzyme which causes deaminations (p. 363) is called a deaminase 
and an oxidizing enzyme an oxidase. 

Names were given to certain digestive eit^tnes before the ^stem 
of terminology just outlined had come into use. The ferment of the 
saliva, for example, has long been known as ptyalin. Pepsin of the 
gastric juice, and trypsin (protem-splitling enzymes), amylopsln 
(starch-splitting en^me), and steapsin (fat-splitting enzyme) given to 
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the ferments of pancreatic juice are also old-established names. Corre- 
sponding terms in the new system are salivary amylase, gastric pro- 
teinase, and pancreatic proteinase, amylase, and lipase. 

The physiological properties of smooth (nonstriated) muscle. 
Smooth muscle differs from skeletal muscle in the following respects: 
(a) slower, more sluggish contraction; (b) greater extensibility; (c) the 
exhibition of a sustained contraction or tonus for long periods, even 
though separated from the central nervous system; (d) the power of 
rhythmical contraction; (e) the possession of a double autonomic in- 
nervation (parasympathetic and sympathetic); (f) greater sensitivity 



Fig 8.2 Diagram to illustrate the maoner in which muscle fibers may slide 
over one another and increase the capacity of a hollow organ The upper group 
of four muscle ceils is from a holtow organ whose walls are contracted and its 
cavity almost obliterated, the lower group are the same muscle fibers when the 
organ is full. (Redrawn from Grutzner.) 

to ibdrmal and chemical influences and to certain types of mechanical 
stimulation, such as stretching, but a lower excitability to electrical 
stimulation. 

Tonus of smooth muscle may be defined as the steady sustained con- 
traction through which the muscle offers resistance to a stretching 
force. The rhythmical contractions are superposed upon the tonus 
state which may vary independently of the rhythmical contractions 
themselves. The tonic contraction of smooth muscle is associated with 
a negligible expenditure of energy. It is relatively insusceptible to fa- 
tigue; heat production and electrical changes are not detectable; and 
a rise or fall in the degree of tonus is not accompanied by a corre- 
sponding change in oxygen consumption. 

Certain hollow organs, such as the stomach and urinary bladder 
and, to a less degree, the intestines, have the remarkable ability to en- 
large when their contents are considerably increased without showing 
any rise in internal pressure. The tone of the muscle composing the 
walls of these organs becomes adjusted automatically to the distending 
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force This postural tone, as i! is called, is very difficult to explain It 
IS possible that, in the stornach at any rate, the individual fibers which 
are disposed in layers, instead of being lengthened by the stretching 
force, simply slide over one another, the wall of the organ thus being 
increased m area but reduced m thickness This could occur with little 
strain being placed upon the fibers themselves In Figure 8^ will be 
found a diagram illustrating the manner m which this might result 


Digestion in the Mouth 

The structure of the salivary glands. Saliva is secreted by three pairs 
of glands — the submaxillary, sublingual (or submandibular), and pa 
rotid glands The submaxillary glands are situated beneath the floor of 
the mouth in close relation, one on either side, with the inner aspect 
of the lower jaw (mandible) The submaxillary secretion reaches the 
cavity of the mouth through the duct of Wharton, which opens be 
neath the tongue The sublingual glands also he below the floor of 
the mouth, but nearer the mid line Each sublingual gland pours its 
secretion into the mouth be 
neath the tongue through a 
number of small ducts — ducts 
of Rivmus and of Bartholin 
TTie parotid gland lies below 
the car, behind and overlap- 
pmg the vertical part of the 
mandible (jawbone) Its duct 
— the duct of Slenson — opens 
upon the inner aspect of the 
check opposite the second up 
per molar tooth (see Fig 
83) 

The salivary glands are 
composed of cells arranged in 
small groups around a central 
Fig 8 3 Showing the salivary glantb of elobular cavitv called the al 
veolas or acinus The alveoli 
are drained by fine ducts which join with those from neighboring 
alveoli to form larger channels Tbrough the successive junctions 
of smaller ducts and the formation of larger ones, the secretion is 
directed into the mam secretory doctor ducts (Fig 8 4) This alveolar 
arrangement of the cells and the system of ducts of the salivary glands 
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Hie sahvaiy glands arc under the 
fiK r ^ autonomic (involuntary) nervous system, receiving 
parasympathetic and sympathetic divisions of this sj-s- 
ftl-rnHc ef fibers to the subraa^illaiy and sublingual 

nnne fh ^ ccntcr — the superior salivaiory center — in the 

^hnrA ^ave tte brain m the facial nerve and are conveyed in the 
"'rve to the cavity of the mouth 
the mnitih nerve which transmits them to the floor of 

connT*rf,« again from the lingual fibers they make 

ns with ganglion cells situated m close relationship with the 
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sublingual gland, or within the substance of the submaxillaiy gland 
(see Fig. 8.6). Postganglionic fibers — ^the axons of the ganglion cells 
— ^pass to the secreting cells. 

The chorda tympani nerve also carries vasodilator fibers (p. 196) 
to the glands and taste fibers to the anterior two thirds of the tongue. 
The posterior third of the tongue receives taste fibers through the 
glossopharyngeal nerve. The submaxillaiy and sublingual glands re- 
ceive, as well, secretory and vasoconstrictor fibers from the sympa- 
thetic plexus investing the neighboring branches of the external carotid 
artery. The parotid gland derives secretory and vasodilator parasympa- 
thetic fibers through the tympanic branch of the glossopharyngeal 
nerve. These fibers arise from a group of cells in the upper part of the 
medulla oblongata called the inferior saiivatory nucleus. Vasoconstric- 
tor fibers to the parotid gland are derived from the sympathetic. 

Stimulation of either the parasympathetic (chorda tympani) fibers 
or of the sympathetic fibers to the submaxillaiy or sublingual gland 
causes a secretion of saliva. The secretion resulting from parasympa- 
thetic stimulation is. in most animals, profuse and watery in con- 
sistency; sympathetic stimulation, on the contrary, causes a scanty 
secretion of a thick and slimy mucinous juice. Apparently, then, the 
parasympathetic fibers innervate the serous ceils, and the sympathetic 
fibers the mucous cells. Stimulation of the parasympathetic fibers to 
the parotid gland also causes a profuse watery secretion, whereas no 
obvious secretion follows stimulation of the sympathetic. 

Under natural conditions, the secretion of saliva is a reflex phe- 
nomenon usually brought about by the stimulation of the taste fibers 
in the mouth. But stimulation of the ordinary sensory nerves in the 
mucosa of the mouth — that is, those fibers conveying sensations of 
touch, pain, and temperature — evokes a flow of saliva. We are all 
familiar with the salivation which results from moving some tasteless 
object around in the mouth, or from the manipulations of the dentist. 
Indeed, secretion of saliva may follow stimulation of almost any affer- 
ent nerve in the body. In animals, stimulation of the central cut end 
of the sciatic nerve excites salivary secretion and, in man, irritation of 
the nerves of the stomach or esophagus, in diseased states, is not un- 
commonly a cause of troublesome salivation. 

Salivary reflexes are of two ^rpes. The salivary response evoked 
by the introduction of material into the mouth is called an uncondU 
tional reflex. But it is well known that salivation very often results 
from the sight, smell, or even the thought of food. We often hear a per- 
son say that his “mouth waters" when he sees or smells appetizing 
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food. The response following such forms of stimulation is called a 
conditioned reflex. The unconditioned reflex is inborn; it can be elicited 
immediately after birth. The conditioned reflex, on the contrary, de* 
pends upon experience. In order for it to become established, an asso- 
ciation, upon some previous occasion, must have been formed in the 
brain between sensations received through the nerves of taste and those 
gained through some other sense organ (e g., eye, nose, ear, etc.). We 
need say no more here of this type of reflex; it will be considered in 
more detail in Chapter 12. 

The characters, quantit), and composilion of saliva. Normal human 
saliva as collected from the mouth (i e., mixed saliva, containing secre- 
tions of all six glands, as well as the secretion of the small mucous 
glands scattered diffusely over the mucosa of the mouth) is slightly 
acid in reaction, varying between pH 6.35 and 6 85. Its specific gravity 
is between 1.002 and 1.008. The average adult secretes from 1200 cc 
to 1 500 cc of saliva in 24 hours The composition of saliva is given in 
the following table. 

Table 80 

I. Salts (approximately 02 percent) 

Sodium and potassium chloride 
Sodium bicarbonate 
Acid and alkaline sodium phosphates 
Calcium carbonate and calcium phosphates 
Potassium sulphocyanate (thiot^anate) 

II. Gases 

Carbon dioxide and oi^gen 

III. Organic subsiances 

Ptyalin (salivary amylase) 

Maltase 
Serum albumin 
Serum globulin 
Urea 

Mucin, mainly from the sobmaxillary and sublingual secretions 

The functions of saliva. I . Digestive. The enzyme of the saliva— 
pt)alin — acts upon starch, The starch molecule is split into smaller 
molecules of the disaccharide, maltose. The rapid passage of the food 
through the mouth precludes the possibility that starch is acted upon 
here to any appreciable extent by the saliva. Whether starchy food, 
after its thorough impregnation with saliva, undergoes any important 
degree of digestion in the stomach has been debated. Ptyalin is active 
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in an alkaline, neutral, or faintly acid medium, but is inactivated by 
strong acid It W3S thought, therefore, that the highly acid gastnc juice 
would pre\ent or soon terminate salivary digestion It has been shown, 
however, that the latter part of the meal, which usually contains the 
carbohydrate, may remain in the up|wr part (fundus) of the stomach, 
and thus be protected for some time, from the acidifying action of the 
gastnc juice, by the mass of food ingested previously For this reason 
It IS likely that, under favorable circumstances, the salivary digestion 
of starch may proceed for a considerable penod after food has reached 
the stomach 

If boiled starch is placed in a test tube with mixed human saliva and 
kept at body temperature, a slow conversion of the starch into maltose 
takes place The chemical change occurs m a senes of stages which 
may be distinguished by the manner in which the product of each 
stage reacts with iodine Iodine gives a characteristic blue color with 
boiled starch A short time after the saliva has commenced to act, a 
ph}'stcal change may be seen to have occurred in the starch It loses its 
opalescent appearance and becomes soluble, though it still gives the 
blue color with iodine After a short time, this soluble starch becomes 
partially broken down, being converted into a dextnn which, since it 
gives a red color with iodine, is known as er^ihrodexirm Small 
amounts of maltose may also be detected at this stage Still later, no 
color reaction occurs upon the addition of iodine, a colorless product 
— achroodextnn — has been formed Finally, the starch is entirely con 
verted into maltose and isomaltose In the hnal stage, traces of glucose 
may also appear, due to the presence of an enzyme maltose present in 
saliva in low concentration which splits the disacchande maltose (see 
p 367) into two molecules of glucose The following scheme illus- 
trates the action of ptyalm 

Boiled starch 

+ 

Soluble starch 

Erythrodcxtnn Maltose 

I 1 

AchroCdextnn Maltose 

i 1 

Maltose Isomaltose 

Ptyalm has no action upon cellulose, and for this reason the starch 
must be cooked in order to rupture the cellulose envelope surround 
mg the starch grams, and thus allow the enzyme to come into contact 
with the starch 
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2. Preparation of the fodd for swrdlowing by altering its consistency. 
This is one of the most important functions of the saliva; the food is 
moistened, thus enabling it to be rolled into a plastic mass, which, by 
virtue of the slimy nature of the mucin which the saliva contains, is 
given a lubricant coating. Claude Bernard showed that a horse with a 
parotid fistula (the saliva draining to the outer surface of the cheek) 
had the utmost difficulty in swallowing dry hay or oats. 

3. Solvent action. Taste is a chemical sense (Chap. 13). All solid 
substances, therefore, in order that they shall stimulate the taste buds, 
must be dissolved m the saliva. 

4. Cleansing action. The constant fiow of saliva exerts a very neces- 
sary cleansing effect. The mouth and teeth are rinsed and kept com- 
paratively free from food debris, shed epithelial cells, foreign particles, 
etc.; in this way the saliva tends to inhibit the growth of bacteria by 
removing material which may serve as culture media. In order to realize 
how important its function is in this regard, one has but to consider 
the foul condition of the mouth that occurs in certain fevers (such as 
typhoid), when the salivary secretion is suppressed. Then, decompos- 
ing organic matenal, swannmg with bacteria, collects upon the teeth 
and lips, and must be removed by artificial means (e.g., by wiping 
with moistened gauze). 

5. Moistening and lubricating action. The saliva, by moistening and 
lubncatmg the soft parts of the mouth and lips, keeps them pliable 
and resilient for the purposes of articulation. Frequent sips of water 
are almost essential for some public speakers in whom, as a result of 
evaporation from the mouth during speech, or owing to nervousness 
with consequent inhibition of salivary secretion, the lips and mouth be- 
come dry. 

6. Excretory. Many substances, both organic and inorganic, 
excreted m the saliva. Drugs such as mercury, potassium iodide, lead, 
etc., when introduced into the body, are excreted. In part, by the saliva. 
Severe inflammation of the oral mucosa (stomatitis) may be caused 
by the excretion through this route of excessive amounts of mercury. 
The blue line on the gum margins, in lead poisoning, is due to the 
metal having been excreted in the saliva and deposited as the sulfide. 
The sulfur is provided by organic material contained in the tartar 

** formed on the bases of the teeth. For this reason the discoloration of 
the gum does not occur where teeth are absent. In chronic nephritis 
the saliva contains a high percentage of urea; sugar sometimes appears 
in severe diabetes; and in parathyroid overdosage the calcium concen- 
tration of the saliva is elevated. Several types of microorganisms, some 
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intensely virulent — e.g., the virus of hydrophobia (rabies) — are ex- 
creted in the saliva. 

Mastication. This act comprises the movements of the lower Jaw, 
tongue, lips, and cheeks, whereby the food is reduced to a soft mass 
which can be easily swallowed. The mcisor and canine teeth are used 
chiefly for tearing the food and breaking it up into small pieces, the 


Fig. 8 7 The mouth, 
nose, pharynx, larynx, 
and the commence- 
ment of the esoph- 
agus, as exposed by a 
section a little to the 
left of the median 
plane of the head. 



molars for grinding it. The movements of the tongue, lips, and cheeks 
move the food about in the mouth, apply pressure or suction to it, and 
introduce fresh matenal between the jaws. The whole mass thus be- 
comes thoroughly impregnated with saliva. The jaw movements are 
brought about by the contractions of tempofal, masseter, and pterygoid 
muscles, all of which are supplied by the third division of the trigeminal 
(fifth cranial) nerve. 

Swallowing or deglutition. The act of swallowing is usually described '* 
in three stages. In the first stage, the masticated food mass or bolus, 
as it is called, is moved to the upper surface of the tongue, which is 
then drawn sharply backward by the action of muscles, chiefly the 
mylohyoid, attached to its base. The food is thus projected into the 
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pharynx The opening into the pharynx^ which is called the fauceSt is 
limited on either side by two muscular pillars (the pillars of the fauces) 
As a result of the backward movement of the longue, which at the same 
tune presses agamst the hard palate, a pressure of 20 cm of water is 
created in the posterior part of the mouth and pharynx The first stage 
of swallowing is a voluntary act 

In the second stage, the food passes through the pharynx This stage 
is very bnef The muscles of the pharyngeal wall {constrictors of the 
pharynx) contract and, gripping or squeezing the food, force it into 
the esophagus There are, however, three other paths which the food 
might take — into the nose, into the larynx, or back again into the 
mouth (see Fig 8 7) Tlie food is prevented from entering the nose 
by the elevation of the soft palate, the poslenor edge of the latter is 
brought against the postenor pharyngeal wall, thus closing oft the 
pharynx from the postenor entrance to the nasal cavities This move 
ment rarely fails to take place at the proper lime m normal persons, 
but in the paralysis of the elevators of the palate, which sometimes 
follows diphtheria, the passage of liquids into the nose dunng swal 
lowing IS a common occurrence The base of the tongue, which con 
tmues to be held m position against the fauces, and the approximation 
of the muscles forming the pillars of the fauces efTeclively block com 
munication with the cavity of the mouth Elevation of the larynx, which 
brings us opening under the shelter of the epiglottis and base of the 
tongue, prevents the food from enienng the air passages This upward 
movement of the larynx is an essential part of the swallowing act 
When as a result of disease, the larynx is fixed swallowing becomes 
very difficult or impossible When the movement is not accurately 
limed with the pharyngeal movements, food enters the larynx and 
excites the coughing reflex Everyone at some time or another has 
expenenced this accident 

A short inspiration (inspiration of swallowing) occurs at the com 
mencement of the first stage, this is followed by complete inhibition 
of respiration, which persists until the end of the second stage 

The third stage is occupied in passing the food down the esophagus 
into ihe stomach In man, the upper two thirds of the esophagus is com- 
posed of striated muscle, the lower third of smooth muscle The food 
IS earned through the tube by a peristaltic contraction (p 336) of the 
muscular wall, the passage of food being much more rapid through 
the upper striated portion of the tube than through the lower part The 
esophagus of the dog is composed throughout of striated muscle, which 
accounts for the amazing rapidi^ with which this animal can swallow 



DIGESTION IN THE MOUTH 303 


food In the lower end of the esophagus — that is, where it opens into 
the stomach — the muscle fibers are condensed to form the cardiac 
sphincter.* The sphincter at ordinary limes is contracted, but it relaxes 
upon the approach of the food, which is then swept into the stomach 
by the peristaltic waves The second and third stages of the swallowmg 
act are entirely reflex m nature — i e , involuntary The reflex is initiated 
by the passage of the food through the fauces Afferent nerve endings 
are stimulated by the contact of the food with the mucosa in the re- 
gion of the fauces and pharynx Of course, we can swallow at will, 
even though no food is in the mouth It might be thought, therefore, 
that It was not correct to speak of the second and third stages of swal- 
lowing as being involuntary But when one wishes to swallow, food or 
(if the mouth is empty) a little saliva, by a movement of the tongue, is 
passed backwards, to act as a stimulus Swallowing then occurs auto- 
matically 

Innervation of the ru allowing reflex The afferent fibers of the reflex 
are contained m the branches of the trigeminal, glossopharyngeal, and 
vagus nerves supplying the mucous membrane m the region of the 
fauces, tonsil, and pharynx Temporanly abolishing the function of 
the nerve endings m these regions, by the application of a local an- 
esthetic (e g , cocaine) to the mucous membrane, renders swallowing 
impossible for a time The chief swallowing center is situated in the 
medulla oblongata, in the neighborhood of the nucleus of the vagus 
The efferent fibers travel to the various muscles taking part in the act 
by the hypoglossal (to the muscles of the tongue), by the trigeminal 
(to the mylohyoid muscle in the floor of the mouth) , and by the glosso- 
pharyngeal and vagus nerves to the muscles of the pharynx and esoph- 
agus 

The nervous control of the cardiac sphincter has for years been a 
question of some dispute, but m man, at any rate, the vagus appears 
to exert an inhibitory effect upon the muscle, while excitatory fibers 
are of sympathetic origin It sometimes happens, though rarely, that 
the innervation of the sphincter becomes disordered, the sympathetic 
being overactive (or the vagus underactive) The muscle, as a result, 
remains tonically contracted dunng swallowing and thus prevents 
the easy entrance of food into the stomach Difficulty m swallowmg 
is experienced, and the esophagus for some distance above the obstruc- 
tion becomes distended by retained food This condition is called 
cardiospasm 

* A sphincter is a circular band of muscle which acting like a purse string when 
It contracts serves to narrow the entrance to or outlet from certain hollow organs 
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Digestion in the Stomach 

General description of the stomach. The walls of the stomach are com- 
posed of smooth muscle fibers arranged in three layers — longitudinal, 
circular, and oblique — in this order from without inward, and a lining 
of mucous membrane. The mucous membrane contains the gastric 
glands; its surface epithelium is of the columnar nonciliated type. 
When empty, the stomach is a narrow tubular organ; its mucosa is 
thrown into numerous longitudinal folds called rugae. Its contour 
varies somewhat in different persons, but most commonly ^ars a gen- 
eral resemblance to the letter J (see Rgs. 8.8, 8.9, and 8.11). The 
vertical part of the J is called the body; the upper part of the body is 
expanded into a domed chamber by a bubble of gas, and is called the 
iundus. The fundus lies in contact with the diaphragm which inter- 
venes between it and the 
heart. The region of the 
stomach corresponding to 
the'hook of the J is named 
the pyloric part (pars py- 
lorica). An annular band 
of muscle, the pyloric 
sphincter, surrounds the 
opening between the py- 
loric part and the duode- 
num (first 10 inches or so 
of the small intestine). 

The walls of the empty 
stomach, except in the re- 
gion of the fundus, are in 
contact, but the food after 
passing through the car- 
dia presses steadily down- 
vv'ard, separating the gas- 
tric walls. As the organ 
distends it becomes pear 
shaped; its rugae become flatter, and, with increasing dbtension, dis- 
appear. The capacity of the human stomach is from 1 to 1 i quarts. 

The gastric glands. The gastric juice is secreted by the gastric glands 
which are scattered diffusely in large numbers throughout the gastric 
mucosa. The total number of glands in the human stomach is around 
35,000,000. They arc minute tubular or flask-shaped structures which 
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Stomach arc ot three types and arc called, respectively, (a) mucous 
neck cells or chief cells of the neck, (b) chief or zymogenic cells, 
(c) parietal OT border cells, Tlic mucous neck cells arc situated in the 
narrow superficial part of the gland tubule called the neck. They secrete 
mucus (Fig. 8.12). The chief or zymogenic cells form a continuous 
lining for the deeper part or body of the gland tubule. These cells 
secrete the enzymes of the gastric juice. Tlic parietal or border cells 
do not form a continuous laycr^ but lie here and there along the tubule 
to the outer side of the chief cells. They arc entirely responsible for the 
production of the hydrochloric acid of the juice. 

The glands of the pyloric region contain only mucus-sccrcting cells; 
chief cells and parietal cells are absent; their secretion is alkaline in 
reaction. The mucosa for a small area near the cardia also contains 
glands of this type. 

The composition and actions of gastric juice. Tlic gastric juice con- 
tains enzymes, mucin, and hydrochloric acid. An analysis of human 
gastric Juice is given in Table 8-2. 

Table 8-2 

Human gastric {uke 

Acidity Free HD, O.SO to 0.60 percent 

Total acidity, 0.45 to 0.60 percent 
pH, 0.9 to 1.5 

Solids Organic, including mucin and the various ferments, 0.42 to 0.46 
percent 

Inorganic, 0,13 to 0.14 percent 
Specific gravity, 1.006 to 1.009 
Total nitrogen, 0.051 to 0.075 percent 

The enzymes arc pepsin, rennin. and lipase. The pepsin acts upon pro- 
tein. The protein molecule, as we shall see (p. 360). is constituted of 
large groups of amino acids linked together. The first important action 
of the gastric juice upon the food is the combination of the hydrochloric 
acid with protein material to form acid meiaprotein. The pepsin then 
acts upon the latter, splitting the protein structure into smaller mol- 
ecules called proteoses and peptones. The attack made upon protein 
by pepsin ceases at this stage. 

When the mucosa of the fundus or body of the stomach is extracted 
with an alkaline solution, the extract possesses little or no proteolytic 
activity, but becomes active upon acidification. It is, therefore, some- 
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times stated that pepsin is secreted as an inactive precursor which dif- 
fers chemically from active pepsin, and is referr^ to as pepsinogen. 
A simpler and more correct explanation of the observation that an 
alkaline extract of the gastric mucosa is inactive is based upon the fact 
that pepsm,^like other enzymes, acts best at a certain pH (optimum 
pH) , and becomes inactive if any great change from this reaction oc- 
curs. The optimum pH for the action of pepsin is around 1.5, which 
is the reaction of pure gastric juice. 

The concentration of hydrochloric acid in gastric juice, as the latter 
is secreted by the glands, is from 0.5 percent to 0.6 percent. The con- 
tents of the stomach have rarely, however, an acidity as high as this, for 
the juice, after it reaches the cavity of the stomach, becomes diluted by 
other fluids — e g., saliva, mucus from the gastric epithelium, the alka- 



Fig. 8.13 High magnifi* 
canon of a portion of gas- 
tric gland to show inter- 
cellular and intracellular 
canalicull. 


line secretion of the pyloric glands, and food residues. The hydrochloric 
acid is formed by the parietal cells and is apparently secreted as such 
into the cavity of the tubules passing along fine canals (canaliculi) 
running between the chief cells. These intercellular canaliculi dram a 
network of still finer channels within the parietal cells (Fig. 8 13). 
The acid is not, as was at one tune believed, secreted in the fonn of a 
precursor which is converted to hydrochloric acid after reaching the 
iumina of the tubules, or the cavity of the stomach. Indeed, it is a truly 
remarkable fact that the cells do form and secrete a mineral acid of 
such high concentration Also, it may well be asked, why do not the 
pepsin and hydrochloric acid of the gastric juice digest the stomach 
itself? This is a conundrum which until recently has received no satis- 
factory solution. It is no answer to this question to say that the stomach 
is bving tissue and so can protect itself, for, if the leg of a living frog is 
inserted into the stomach of a dog, it undergoes digestion about as read- 
ily as if It were a piece of beeL* It has been discovered, however, that 
* Digestion of the mucous membranes by pepsin hydrodvlonc acid ® potml 



PLATE I 

Left sample of btood immed »Uly After renmfuKinK showing the separation of 
cells (about 45 per cent) from plasma (about S5 per cent) fftpU uncentrifuged 
sample of blood about one hour after it has coagulated and the clot has condensed 
or Ttlracltd 
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PLATE ■» 

Plaicracp of ihe circufAltoo 1 ayitonuc r rculnt on 
2 pulmonar}* cirniMtion 3 bopAtic artorj' 4 arioncs to 
eaatro-intoalin&I tract and spleen 5 portal tein 0 hcpatie 
nrcnlttl on 7 renal nreuiaimn 8 cnpJlaiy bed of lower 
litsbs 0 capillary bod head and neck. RA right aundo 
RV right ventnde LA left auricle L\ left tentride 



PLATE 6B 

Sinus and aortic reflexes. Cisgram 
1, cardiomhibitory center; 2, vasoeoii' 
strici«r center; 3, carotid sinus and 
nerve, 4. spinal cord; 5. arteriole; 
6. heart; 7, efferent fibers of vseus, 
8, afferent fibers of vagus (cardiac de- 
pressor or aortic nerve); 9®. preganglionic 
vasoconstrictor fibers; 9^. postganglionic 
sasoeonatrictorfiberB. Vas^ilatorcenter 
and fibers not shown. Tracing belon. 
taken from Bsyliss, shows effect upon 
the blood pressure of stimuiatiBg the 
cardiac depressor nerve. Arrow indicates 
direction of tracing. 


PLATE 5A 

Diagram of the efferent cardiac nerves. 
I, vagos; 2, preganglionic fibers of the 
acceleratornervesfsympathetic); 3, post- 
ganglionic fibers of the accelerators con- 
stituting the superior, middle and inferior 
cardiac nerves Note that the post- 
eanghonic fibers of the vagus originate 
from nerve cells situated in the wall of 
the heart. 
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Diagram of recvptor and ^fTector oigana. 1 esterocvptojs 
2 interoeepton 3 propnoMptora (muscle spindles) 4 ef 
factor organs smooth muscle ^nd and skeletal muscle 
S eentml nervous system. 



Diagram of a croa section of tfae epmal cord to shoH the mam nerve tracta 
Ascending tracts in blue descending m red 1 lateral (crossed) corticospinal tract 
2 rubrcapinal tract 3 lateral veetibuloepmal tract 4 antenor vestibulospinal 
tract 5 fasciculus cuneatus 6 faaciculos gracilis 7 postenor sp noceretellar 
tract 8 anterior spmocerebellar tract 9 postenor spmothidainic tract 10 antenor 
spinothalaiQic tract 11 anterior (direct) corticospinal tract 12 antenor bom 
»1J (motor neuron) 13 fibers of postenor spinal nerre not connecting mth 
secondary neurons in spinal pay matter 





PLATE 11 

Plan of the autonomic nervous s>sfcm Parasympathetic fibw on left, sj-m- 
pathetic on right, preganglionic in W<wl. postganglionic m rcrf Paras^patbetic 

centers in stippled shading The Roman numcr^s refer to the respectue cranial 
nerves A. cerebral cortes, B, hypothalamus. C, pituitary gland, D. mid-bram, 
E. pons, F. medulla oblongata. G. Ciliary gandion, H, sphenopalatine ganglion, 
postganglionic fibers to lachrymal {dand. 1. aubmasillary ganglion, jwstganeliomc 
fibers to sublingual gland, subma'tilUTy riand below, gan^on ^lls vnthm the 
gland substance, J. otic ganglion, postgan^ionic fibers to parotid gland, K, su- 
perior cervical ganglion, postgan^ionic fibera to ins blood vessels, sweat glan 
and smooth muscle of head The middle and infenor cervical ganglia are shown 
lielow M, N.O. P, celiac, superior mcsentenc, inferior mewntene and lOToi^tnc 
ganglia, respectively. Q, pelvic nerve The large letters T. L and S indicate, 
respeetivelj , the thoracic, lumbar and sacral segments of the spinal cord 
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PLATE 13A 

l(la«tmting tlic couisc uf tlic visual fibers fruni 
tlic ictina to the occipital cortex 1 left visual 
field 3 nglit Vi«ual field I leftixtina 4 light 
ictMia T = temporal V ® itaeal 5 Optic 
nerve 6 optic chiosnia 7 optic tract 8 
lalciol eciiiculatc IhkIv 0 siipcnor collirultis 
10 optic mdutioii 1) visual area of the occipi 
tal cortex 



PLATE 14A 

DiBurram of the thrci> pnmary color sensatioiu (^oung' 
Helmholtz theory) 1 repreaentathered 2 the grccD and 3 the 
violet color MftstUon Tha lettenng along the ba*c line 
ind cates the lolon of the spectrum The diagram indicates 
h] t)ie height of the curve at irbich it is cut by the tertical 
Unas tlia extent to «tuch the ec^eral pnmary ecnsationa of 
color arc ezeiied by tibrationa of different wate lengths. 
IMtw HeljnhoUi) 
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Ct art showing color ficMs of tl p n^t retina The entire area of the retina 
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ammonia is formed in the gastric murasa which, being alkaline, pro- 
tects the gastric tissue from the action of the acid. 

The hydrochloric acid is formed torn the sodium chloride of the 
blood, but, though several theories have been advanced, the manner 
in which the gland cells accomplish this chemical feat is not clearly 
understood. 

Rennin coagulafes milk, producing a Socculent mass called the curd, 
and a clear fluid known as wtiey. This action has been made use of 
from time immemorial in cheese making, the rennin being extracted 
..^m calves’ stomachs. The curdling or clotting of milk presents a su- 
-perficial chemical resemblance to the clotting of blood. As a result of 
the action of rennin, the soluble milk protein, caseinogen, is converted 
into an insoluble pAduct, and, as in the conversion of fibrinogen^to 
fibrin by thrombin, calcium is necessary for this reaction. The role 
played by calcium is not, however, the same in both instar'''*s _^Tn the 
clotting of milk, the rennin first splits the caseinogen into* two sub- 
stances — whey protein and paracasein — both of which are soluble. The 
latter protein then combines with calcium to form calcium paracasein 
which is Insoluble. The whey protein and the calcium paracasein are 
then digested by pepsin. 

The lipase of gastric juice has a very weak, fat-sphtting action and 
in the adult is of little practical importance. It acts only upon fats 
which arc in very fine emulsion (e.g., cream and egg yolk). It may be 
of more value to the infant. 

Mucin belongs to the class of glycoproteins (p. 361). It is present 
m pure gastnc juice. It is secreted by the cells in the necks of the glands 
in the body of the stomach, as well as by the pyloric glands. The secre- 
tion of the surface epithelium of the stomach (goblet cells, p. 37) 
also contains a high percentage of mucin. This latter secretion is a slimy 
fluid which tends to cling to the surface of the mucosa. It thus serves 
to protect the mucosa from injury by coarse particles of food and, to 
a certain extent, from the action of the pepsin hydrochloric acid. It 
may be mentioned in this regard that mucin is capable of combining 
with a relatively large amount of hydrochloric acid, and of inhibiting 
peptic activity. Preparations of mucin obtained from pigs’ stomachs 
have been tised recently in the treatment of gastric and duodenal ulcers 
with the object of protecting the surface of the ulcer from the action 
of the highly acid gastric juice. 

The secretion of gastric juice. It is now customary to speak of three 
phases of gastric digestion: (1) psychic or cephalic, (2) gastric, and 
(3) intestinal. 
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The psychic or cephalic phase. It was first shown by the Russian 
physiologist. Ivan Pavlov (1849-1936), that gastric juice is secreted 
while food is being chewed, and before any has entered the stomach 
The more appetizing the food, the greater is its effect upon gastric se- 
cretion. Pavlov, therefore, spoke of the secretion caused in this man- 
ner as the appetite juice. The secretion un- 
der such circumstances is, of course, purely 
reflex m nature. The afferent fibers of the 
reflex are in the nerves of taste, the efferent 
fibers in the vagus nerves; the effect cannot 
be produced after the vagus nerVes have 
been sectioned. 

Pavlov demonstrated this reflex in dogs by 
what he termed “sham feeding.” An animal 
was first prepared by dividing the esophagus 
in the neck, bringing the lower end of the 
upper segment through the neck wound and 
fixing it there by sutures (Fig 8.14). The animal, prepared In this 
way, relishes its food just as does any normal dog, but the food can- 
not enter the stomach; it simply falls from the open esophagus after 
it has been swallowed. Nevertheless, a flow of gastric juice results. 
The juice secreted by the stomach can be collected from an opening 
made through the abdominal wall into the stomach, and measured. 
It can then be analyzed for its peptic and acid concentrations, if 
desired; or a miniature stomach can be fashioned. 

The miniature stomach, as fashioned by Pavlov's method, is shown 
m Figure 8.15. It offers a means of obtaining pure gastric juice, un- 
contaminated by food or saliva, under various physiological conditions. 
Since it is in connection by nerves and blood vessels with the main 
part of the stomach, it is therefore under the same nervous and hor- 
monal influences as the latter. 

The psychic secretion of gastric juice has been clearly demon- 
strated several times in man. In Dr. Carlson’s laboratoiy in Chicago, 
a man was studied whose esophagus was impassable as a result of an 
injury received in childhood. A permanent opening had been made 
t rough the wall of the abdomen into the stomach. The man could be 
fed only through this opening, which is called a gastric fistula. Through 
It samples of gastric juice were withdrawn, measured, and analyzed 
under various physiological condiUons, He could also be “sham fed,” 
though in his case the food was chewed and then spat out. It was found 
at ood for which this subject bad a particular fondness caused the 



Fu* 8.14 Dog prepared 
Vfiih an phageal fistula 
for “sham feeding ” 
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Fig 8 15 Vpper dramngi abow Pavlov’s mclbod of fashioning a gaslnc pouch 
or mmiacure stomach A honzontal incision a b is made which causes mmunal 
injury to the gastnc nerves and Wood supply D vagus nerves The flap C u 
turned down and the pouch 5 isolated from the mam cavity of the stomach V as 
shown m the nght hand sketch A, abdominal wall The lower drawing illustrates 
the manner in which pure gastric jiucc can be collected from the miniature 
stomach while digestion is proceeding in the mam part of the stomach 


greatest secretion of juice (Fig 8 16) la some instances the mere sight 
or smell of food called forth a secretion That is to say, a conditioned 
reflex (pp 297 and 567) can be cstabhshed for gastnc secretion, as 
well as for the secretion of saliva 

The psychic secretion of gastnc juice has also been demonstrated 
in persons dunng hypnosis A suggestion made to the subject that he 
was eating some tempting piece of food stimulated gastnc secretion 
On the other hand, psychic influences — e g , worry, fear, anger, and 
pain — are powerfully inhibitory to the gastnc glands, as are also bad 
odors, an unsavory character of the meal, or even an unattractive ap- 
pearance of its general appointments Pleasant surroundings, coa- 
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tentment, delight for the eyes and ears — e g , flowers on the table 
cleanliness, and good music — tend toward an opposite effect The 
importance of appetite m aiding digestion has been pithily stated by 
Pavlov m the words “Appetite spells gastric juice ’ Macbeth at the 
banquet expresses a similar thought when he says. Let good digestion 
wail on appetite and health on both * It is not wise, therefore, to force 
a child to eat food that he detests 
Vanations m the secretory activity of the gastnc glands arc accom 
panicd by changes in the blood supply to the gastnc mucous mem 



5 niioute mtcrvaU dunn| masticatioD of palatable food for 20 mm 
uiea The nse m secretion dunng the last 5 minutes of mastvcaiioa is 
due to chewing the dessert (fruit) for which the person had an espe> 
cjal fondness (After Carlson ) 

brane When the interior of the stomach is viewed through a gastnc 
fistula or by means of a specially devised instrument known as a gos 
troscope the mucosa is seen to blanch in response to the inhibitory 
influences mentioned above and to become flushed when secretion 
occurs 

The gastnc phase This refers to the secretion of gastnc juice that 
occurs after the food has entered the stomach, it continues for a much 
longer penod than docs the psychic secretion Let us now consider the 
mechanisms controlling the secretion at this lime The stretching of 
the stomach wall by the food has only a slight secretory effect The sc 
creiion dunng this phase is due mainly to the action of a chemical 
matenal — a hormone — formed in the mucosa of the stomach This 
matenal is absorbed into the blood stream and reaching the cells of 
the gastnc tubules excites them to secretion The hormone is produced 
m turn through the action upon the pylonc mucosa of certain sub- 
stances m the food Such substmices arc present in aqueous extracts 
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of meats and vegetables (e.g., soups and beef extracts). For this rea- 
son they are referred to as extractives. On account of their stimulant 
action on secretion they are also known, from the physiological point 
of view, as gastric secretogogues. 

The products of protein digestion — proteoses and peptones — and 
certain other materials act in a similar fashion. 

When evidence for its existence was first obtained, the gastric hor- 
mone was named gastrin: its chemical nature was unknown. Extracts 
of the pyloric mucosa, obtained from an animal after a meal of meat 
or of other substances rich in extractives, contained the hormone. This 
was shown by the fact that, when such extracts were injected into the 
veins of an animal, a profuse secretion of gastric juice resulted. 

It is now generally conceded, however, that the hormone in pyloric 
extracts — i.e., gastrin — is not a specific and hitherto unknown sub- 
stance, but is simply histamine, which is found in other tissues as well 
as in the gastric mucous membrane. The discovery that histamine and 
gastrin are identical does not necessarily lead to the conclusion that 
there is no other gastric hormone. On the contrary, a considerable 
body of evidence suggests that a gastric hormone quite distinct from 
histamine is formed in the gastric mucosa during digestion. But, so far, 
this hormone has not been obtained by extraction. 

The intesunal phase. After the partially digested food materials 
have reached the intestine, certain of their constituents (split products 
of protein digestion, meat extracts, etc.) continue to exert an excita- 
tory effect upon gastric secretion. Little is known concerning the man- 
ner in which this effect is brought about; it may be dependent upon 
the formation or liberation of a hormone from the intestinal mucosa, 
for an extract of the latter, when injected intravenously, has an ex- 
citatory effect upon gastric secretion. Another possibility is that cer- 
tain constituents of the food are absorbed into the blood stream and 
act directly as excitants of the gland cells. 

The effects of different foods and of certain chemicals and dmgs 
upon the secretion of gastric juice. The hydrochloric acid in the gas- 
tric contents is in part combined with food, especially in acid metapro- 
teln and with mucus; the remainder is jree. The combined acid and the 
free acid together are referred to as the total acid. 

In man the activity of the gastric glands is investigated by giving a 
meal of toast and weak tea — the so-called test meal — and removing 
samples of the contents of the stomach every 15 minutes during a sub- 
sequent 2-hour period. The samples are analyzed, the percentages of 
total and free acid determined, and curves plotted (see Fig. 8.16). 
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Meat, since it is rich m extractives, stimulates the glands more powr 
fully than does carbohydrate Fats have an inhibitory effect upon gas 
trie secretion, as well as upon the movements of the stomach A meal 
containing a high proportion of fat takes a relatively long tune to 
leave the stomach Fat also exerts an inhibitory effect upon both gas 
trie secretion and motility, after it has reached the duodenum The 
latter effect is attributed to a chemical substance (a chalone, p 403) 
formed m the intestinal mucosa, this substance has been named entero- 
gastrone 

Among chemicals which stimulate gastnc secretion, the most pow 
erful are histamine and alcohol Atropine by its paralyzing action upon 
the vagus endings temporarily suppresses secretion Alkalies such as 
sodium bicarbonate in repeated small doses excite the gastnc glands, 
but a single large dose has, as a rule, an inhibitory effect 

Abnormalities in gastnc secretion When no secretion of acid oc 
curs after a test meal, the condition is called gastric anacidity or 
achlorhydria About 4 percent of perfectly healthy and otherwise 
normal persons show this peculianty There may be a complete ab 
sence of peptic secretion as well, when such is the case, the condition 
IS called achylia gasirica Gastnc anacidity is also seen in a number 
of diseased states—e g , cancer of the stomach pernicious anemia 
chronic infiammation of the stomach chronic arthritis gall bladder 
disease, etc 

In some instances, the gastnc glands though failing to secrete when 
stimulated by a test meal, respond to bisiamme the anacidity is then 
called false or apparent In other instances even a powerful stimulus 
such as histamine or alcohol, is ineffective This absolute failure of 
acid secretion is called true anacidity An abnormally high acidity of 
the gastnc contents is called gastric hyperacidity or hyperchlorhydna 
In this condition the acidity of the gastric juice as it leases the gland 
tubules, IS not higher than usual (0 5 to 0 6 percent) but owing to a 
high rate of secretion or to failure of the juice to be neutralized after 
it has reached the cavity of the stomach, the percentages of total and 
free acid in the gastric contents are much above the normal values 
Under normal circumstances, the acidity of the gastnc contents rises 
aftera test meal, reaching a maximum in an hour or so and then decim 
tng (see chart Fig 8 17) The return of the curve to the resting level 
IS due to several factors — reduced rate of secretion by the glands, 
emptying of the stomach, neutralization by mucus and probably also, 
to some extent, by the regurgitation of alkaline juices from the duo- 
denum An abnormally high acidity of the gastnc contents is due to 
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failure of one or another or all of 
these factors; the curve of gastric 
acidity rises above the normal maxi- 
mum, and in many instances does 
not return to the resting level within 
the normal time. 

Gastric hyperacidity is the com- 
monest of all digestive complaints in 
otherwise normal and healthy per- 
sons. It causes “heartburn” and a 
feeling of discomfort in the chest. 

The burning sensation is due to the 
highly acid gastric contents being 
carried into the esophagus by con- 
tractions of the stomach, and stimu- 
lating sensitive nerve endings in the esophageal mucous membrane. 
Ascending waves of contraction may carry material into the throat or 
the mouth. The gastric mucosa Itself is insensitive to acid. Hyperacidity 
of the contents of the stomach is seen in a large proportion of cases of 
gastric and duodenal ulcer; indeed it is now generally agreed that it is 
the chief cause of these conditions. 

In duodenal ulcer, for example, ulceration occurs where the gastric 
juice, after issuing from the pylorus, first comes into contact with 
the intestinal mucosa. Treatment of gastric or duodenal ulcer is 
therefore directed toward reducing the acidity of the gastric contents. 
This is accomplished by giving alkalies, or other substances which 
combine with the excess acid, such as preparations of mucin; by re- 
stricting the diet in respect to meat and other materials rich in extrac- 
tives which stimulate gastric secretion; and by substituting foods 
(e.g., milk, cream, and carbohydrates) which either inhibit or exert 
no pronounced stimulating action upon the glands. Alcoholic drinks 
are forbidden, or allowed only in minimal amounts and well diluted 
Excessive smoldng should also be avoided. Sometimes a preparation 
of enterogastrone is given for its inhibitory effect on gastric secre- 
tion and motility. 

A high gastric acidity is also seen when the pylorus is obstructed 
and, as a consequence, gastric evacuation is delayed. The distension of 
the stomach which results from pyloric obstruction acts further as a 
stimulus to secretion. 

The nerves which influence gastric secretion and motility. The gas- 
tric glands receive secretory fibers through the vagus nerves. When 



Fig 8.17 Normal curve of free 
hydrochloric acid in the gastric 
contents following a test meal. 
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ftese Mrves are stimulated, tie glands secrete a higMy acid iaice, 

planrlT {"‘f “• **>"3 Mn also be traced to the gLt* 

glands, but their action is less well known; it seems, howevcf, that 

an altar'™'- ® '''S™"- “““S = secretion of 

an^kalme juice consisting largely of mucus. ^ 

stomach are under the control of both the 
vagus (parasympathetic)_ and sympathetic nerves. TTie vagus is motor 

J in action— that is, it raises the tone and increases 
the force of the contractions of the gastric muscle, 
the sympathetic is inhibitory. The vagus and sym- 
pathetic nerves are also motor and inhibitoiy, re- 
spectively, to the pyloric sphincter. 

Movcmcnfs ood emptying of the stomach. The 
upper half or so of the body of the stomach does 
not show active movements, but is the seat of a 
steady tonic contraction. When digestion is pro- 
Rg 8.18 Drawing ceeding, peristaltic contractions commence about 
showing wrisSSuf niiddle of the body of the stomach and, passing 
... ' (*•©. toward the pylorus), become pro* 

^ f^*S* 8.18). The pylonc part is, therefore, 

more actively motile region, the motUity becoming more and more 
digestive processes progress. These movements serve to 
mix the food thoroughly with the gastric juice and to break up food 
masses that have been softened by the digestive juices. When the food 
has reached a consistency suitable for discharge into the duodenum, it 
^pelled through the pylorus by the descending waves of peristalsis, 
e py one sphincter is relaxed most of the time. It is contracted 
^ peristaltic wave passes over it and closes the pvloric 
hoar..,, or a moment The latter varies in diameter from time to lime, 
h#.n, "'•der during the later stages of digestion than at the 

« L ^ stronger peristaltic contractions and the greater 
rnmni ^ ^e pyloric opening, when gastric digestion is nearing 
j evacuation of the stomach. It should be 

nortnnf^* the consistency of the food is one of the most ira- 
tu determining the time after swallowing at which it 
mrtef f ^ ® o™ 2 ch Fluids, for example, commence to leave it al- 
be ^ entering. Solid food in the stomach must fust 

whir-K « ° ^ semifluid state, and those articles of diet 

Imv,* readily softened and liquefied (e.g , carbohydrates) 

e consistenqr. Fats are evacuated most slowly, for, as al- 
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ready mentioned, they inhibit gastric secretion and motility. They 
also, for this reason, retard the evacuation of other types of food. An 
ordinary mixed meal is usually completely evacuated within from 
3 to 4i hours. 

The stomach contents, after they have become softened and form 
a nearly homogeneous semifluid or plastic mass, are referred to as 
the chyme. In this state, the food commences to pass into the duo- 
denum. Chyme is an old word meaning juice, and arose from the be- 
lief that digestion in the 
stomach was essentially a 
mechanical process, the nu- 
tritive juices being expressed 
from the food through the 
pressure exerted by the con- 
tractions of the stomach. 

That the food underwent 
chemical changes in the 
stomach was not fully real- 
ized until the French scien- 
tist Ren£ Reaumur (1683- 
1757), and the Italian priest 
and scientist, Lazaro Spal- 
lanzani (1729-1799) (Fig. 

8.19), carried out their in- 
genious experiments. Reau- 
mur gave a kite and other 
animals small perforated 
metal tubes filled with meat. 

He found, upon recovering the tubes, that the meat, which could be 
acted upon by the gastric juice though protected from any mechanical 
action of the stomach, w'as partially dissolved. He also showed that 
gastric juice would digest meat in a test tube — that is, outside the 
body. Spallanzani performed similar experiments upon animals and 
upon himself. He swallowed perforated wooden tubes filled with 
food and showed that, though the containers were unbroken, after 
passing through the alimentary tract, the food had become dissolved. 
He also found that gastric juice, obtained by making himself vomit, 
had the power to dissolve meat in vitro. 

In the early part of the nmeteenth century (1819) Dr. William 
Beaumont (Fig. 8.20), an American army surgeon, was offered an 
opportunity, unique at that time, to study the digestive processes in 
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the human stomach. A French Canadian hunter, Alexis St. Martin, 
while at Fort Mackinac on Lake Michigan, received a severe wound 
in the abdomen from the accidental discharge of a musket. Part of 
the waU of the stomach was destroyed. Under Beaumont's care the 
man recovered but the large wound in the abdominal wall and the 
stomach failed to close completely. Through this opening Beaumont 
was able to observe the changes taking place in the food during the 
different stages of digestion, 
and perfonned a number of 
simple experiments wluch 
clarified many obscure as- 
pects of gastric phy-siology. 

The experiments of these 
pioneers upon the chemical 
features of digestion had led 
men to forget for a time the 
importance of mechanical 
factors The pendulum had 
swung too far. But today, 
the mechanical factors are 
recogmzed as playing a 
prominent role In gastric di- 
gestion, though this should 
not be taken to mean that 
nutnment is expressed from 
the food by any mechanical 
action. 

Abnormalities of the mo- 
tor mechanisms of the stom- 



Fig 8 20 \Villiam Beaumont. 


, iui jiicuuuoisms ui me siour 

acn arc much more often the immediate cause of digestive disorders 
than is a failure, or even the entire absence, of the digestive power of 
t e gMtnc juice Persons in which gastric secretion is entirely lacking 
[achylia gastrica) may enjoy perfect health, and suffer no digestive dis"- 
com ort whatsoever. On the other hand, disorders of the movements of 
the stomach— g., too slow or too rapid evacuation of the food, or 
spasm of the pylorus or of the cardiac sphincter — frequently give rise 
to severe gastric symptoms 

yomitlng. This is usuaUy preceded by nausea. Tlie ejection of the 
stomach contents is accomplished in the following manner. A strong 
n rac ion occurs in the pyloric part of the stomach, together with 
a on o the body of the stomach and the cardiac sphincter. Ac- 
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companying or immediately following these movements, the abdomi- 
nal muscles contract forcibly, and the diaphragm descends. Thus the 
stomach is compressed and its contents, being prevented from pass- 
ing downward by the firm contraction of the pyloric region, are 
forced through the relaxed cardia into the esophagus. The latter re- 
laxes throughout its length, which permits the free passage upward 
of the stomach contents. The larynx is raised at the same time and 
its opening closed, thus preventing the passage of material into the 
air passages. The stomach, it will be noted, is emptied passively: that 
is, it is emptied from pressure applied from without. There is no evi- 
dence, in the adult at any rate, that an ascending peristaltic contrac- 
tion of the gastric wall is instnimental in ejecting the stomach con- 
tents into the esophagus. In the young infant, however, a reverse 
peristaltic movement of this nature probably does occur. The purely 
passive role played by the stomach in vomiting was shown clearly by 
the French physiologist, Magendie. He excised the stomach of an 
animal, replaced it by a pig’s bladder, and then gave an emetic which 
acted on the vomiting center; a typical vomiting act followed, fluid 
being forcibly expelled from the grafted bladder. 

Vomiting is a reflex act and may follow irritation of nerve end- 
ings (vagus or sympathetic) in the stomach or duodenum. But the 
stimulation of afferent fibers, especially those transmitting pain im- 
pulses, in almost any organ of the body may induce vomiting. The 
vomiting due to disease of the appendix or gall bladder, or to some 
painful injury, is well known, i^erenl impulses arising in a failing 
heart may also cause vomiting, or the act may be induced by psychic 
influences — anxiety, fear, or disgust. Seasickness and other forms of 
motion sickness are due to the stimulation of nerve endings in the 
utricle of the ear (Chap. 13). Nausea or vomiting not uncommonly re- 
sults from eye strain, the afferent impulses initiating the reflex aris- 
ing in the eye muscles. 

Drugs and other substances used in medicine for the induction of 
vomiting are called emetics. Among those which act upon the nerve 
endings in the gastric or duodenal wall are antimony tartrate (tartar 
emetic), copper and zinc sulphates, and salt or mustard and water. 
Certain other emetics, such as apomorphine, act upon the vomiting 
center in the medulla oblongata. It is probable, however, that the 
vomiting which follows the administration of emetics of the latter 
type is also essentially reflex in nature. The drug acts, apparently, by 
raising the excitability of the center; that is, the threshold of the cen- 


ter to stimulation is lowered, so that impulses from various part^ol 
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the body, which nonnally make no impression upon it, become eSec- 
tive. The vomiting resulting from metabolic disturbances (c.g., in 
pregnancy or nephntis), or that associated with general bodily fa- 
tigue, is explained in a similar way. 

Digestion in the Intestine 

The intestinal tract is divided for the purpose of description into two 
parts — the small intestine and the large intestine. The small intestine, 
though of smaller diameter, is much longer than the large intestine 
(see Fig 8.1). In man its length is about 21 feet. The first 10 inches 
or so (twelve finger breadths) are called the duodenum. The rest of 
the small intestine is divided rather arbitrarily into an upper portion 
(about two fifths) called the {efunum, and a lower somewhat narrower 
portion (about three fifths) called the ileum. The small intestine from 
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the duodenum onward is attached to the posterior abdominal wall by 
a fan-shaped membrane called the mesentery which carries vessels 
and nerves to the intestinal wall. 

All those processes, through which the food is finally prepared for 
absorption, are carried out in the small intestine. Amino acids and 
certain other products which have escaped absorption from this part 
of the alimentary tract undergo bacterial decomposition in the large 
intestine (see p. 345), but nothing of nutritional value is prepared 
in this part of the digestive tract. Large quantities of water are, how- 
ever, absorbed from the large intestine; it converts the fluid contents 
of the small intestine into the pasty consistency of normal feces. 

The large intestine extends from the end of the ileum to the anus. 
It is about 5 feet long, in man, and consists of the cecum, colon, rec- 


Fig, 8.22 Interior of 
cecum showing open- 
ing of ileum and ileo- 
colic valve. 


turn, and anal canal. The cecum is the saclike dilatation at the com- 
mencement of the large intestine; it lies is the lower right-hand part 
of the abdominal cavity. The ileum opens into its upper end and the 
vermiform appendix arises 2 inches or so lower down. The colon is 
described in four parts — the ascending, transverse, descending, and 
pelvic colons. These are shown in Figure 8.1, p. 288 and Figure 8.21. 
The ascending colon occupies the right side of the abdomen and is 
continuous below with the cecum. The transverse colon crosses the 
abdomen and is continued into the descending colon which occupies 
the left side of the abdomen. The lower part of the large intestine 
occupies the pelvis and consists of the pelvic colon, the rectum, and 
the anal canal, in this order from above downwards. The interior of 
the cecum is shown in Figure 8.22. The bends of the colon in the 
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re^ons of the liver (i.e., at the junction of the ascending and trans- 
verse colons) and spleen {at the junction of the transverse and de- 
nding colons) are called, respectively, the hepatic and splenic 
flexures, ne internal anal sphincter is situated at the lower end of the 
rectum. The c^erTOl anal sphincter guards the lower aperture of 
the anal canal. The latter opening is called the anal orifice or anus. 
Ihe pancreas is a racemose gland (p. 40). It is an elongated 


I STOiUCH } 



across the posterior wall of the abdomen; its righi- 
tP head, fits into the curve of the duodenum 

lilaL directed toward the left. The celU 

external secretion — the pancreatic juice — have an 
nivf^nu resembling that seen in the salivary gland. The 

leci th ^ drained by a system of ducts. In the human sub- 

la i pancreatic duct (duct of Wirsung) pierces the duodenal 

hfr common bile duct to form a small cham- 

flhniif Ti ampulla opens into the duodenum 

the cfUc ^ pylorus. The pancreas contains, besides 

1 C orm the pancreatic juit*. other rounded groups of 
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cells called the islands or islets of Langerbans (Fig 8.24). The islet 
cells are of an entirely dififerent character; they are surrounded by 
the acinar (external secreting) cells, but separated from them by a 
narrow clear space. They are responsible for the production of in- 
sulin (p. 370). 

When the gland is resting (as in a fasting animal), the alveolar cells, 
like the serous cells of the salivary glands, contain numerous granules 



Fig. 8 24 Microscopic section of pancreatic tissue AC, 
alveoli of glands which secrete pancreatic juice. IN. one 
of the islands of Langerhans, which produce insulin 


(p. 40); these furnish the enzymes of the juice. Dunng secretion, 
the cells discharge their zymogen granules into the alveolar cavity, 
their cytoplasm, except perhaps for a narrow zone bordering the al- 
veolar cavity, then appearing quite clear. 

The pancreatic juice. Coraposition. The pancreatic juice is alka- 
line in reaction, due to its content of sodium carbonate and bicar- 
bonate. Its principal ferments are trypsin (pancreatic protease), 
amylopsin (pancreatic amylase), steapsm (pancreatic lipase), and 
rennin. 

Trypsin acts upon the proteoses and peptones formed in the peptic 
digestion of protein This en^rae is also capable of attacking any 
protein which has escaped gastric digestion, and converting it to 
proteoses and peptones. Trypsin breaks the peptone molecule into 
smaller groups of amino acids, named peptids. \\Tien the amino acid 
groups are relatively large, they are called polypeptids. The final 
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Stage in the digestion of protein — that is, the complete disruption 
of the molecule into its individual amino acids — is brought about by 
the erepsin (peptidases) of the intestinal juice. But the protein mol- 
ecule can be broken down into groups of four amino acids (tetro- 
peptids) and three (tr/pep/ids), or even two (dipeptids) amino acids, 
during tryptic digestion. 

Juice collected directly from the pancreatic duct has very little 
power to digest protein, but, if allowed to come into contact with 
the intestinal mucosa, it at once becomes active. The inactive mate- 
rial in the juice is called irypsinogen: its activation to tiypsin is de- 
pendent upon a constituent of the intestinal juice, named enterokinase 
(p. 327). Trj^inogen is also activated by calcium. 

Trypsin can act only in an alkaline medium, the optimum pH be- 
ing around 8.5. 

Amyhpsin or pancreatic amylase (also called pancreatic diastase) 
has an action similar to that of the ptyalin in saliva (p. 298), con- 
verting starch into maltose But pancreatic juice has a more power- 
ful starch-splitting action than has saliva; it is also afforded a longer 
time in which to act. As compared with saliva, pancreatic juice is, 
therefore, of much greater importance In the digestion of starch. 
Pancreatic juice also contains some maltose which converts a part 
of the maltose to glucose 

Steapsin, or pancreatic lipase, splits fats into their constituents— 
fatty acids and glycerin (glycerol). It the intestinal contents are 
alkaline in reaction, the liberated fatty acids may combine with alkali 
to form soaps The action of the steapsin upon the fat, tristearin, is 
shown in the following equation: 


C,H.(C„H»COO), + 3H,0 = C,H»(OH), + 3C,7H»COOH 
tnslearin glycerin steanc add 

C„H,,COOH + NaOH « C„H«COONa + H,0 

stanc tcid sodium steaiale 

(soap) 

Soap formation in the intestine probably occurs to a very limited 
extent, for soaps can form freely only in an alkaline medium; any 
which may have formed become precipitated again when the me- 
dium is acidified. The intestinal contents are slightly acid in reac- 
tion except when the pancreatic secretion is at its height. Even then, 
it is only the duodenal contents which are rendered slightly alkaline, 
the contents of the rest of the intestinal tract remaining slightly acid. 

The optimum pH for the action of pancreatic lipase is around 8.0. 



DIGESTION IN THE INTESTINE 325 


The secretion of pancreatic jnice. The secretion of pancreatic juice 
is brought about by a hormone formed in the mucosa of the small in- 
testine. The existence of this hormone was demonstrated in 1902 
by Bayliss and Starling. They found that a hydrochloric acid extract 
of the duodenal mucosa, when injected intravenously, caused the 
secretion of pancreatic juice. The intravenous injection of the acid 
by itself was ineffective. On the other hand, the introduction of hydro- 
chloric acid into a loop of the bowel, the nerves of which had been 
sectioned and thus isolated from all connections with the pancreas 
except through the blood stream, was followed by a secretion of pan- 
creatic juice. It was therefore concluded that in the normal course of 
digestion the acid chyme, after reaching the duodenum, acted upon 
the duodenal mucosa to cause the formation and absorption into the 
blood stream of a hormone which e.tcifed the pancreatic cells. The 
honnonc was named secretin.* Later work has shown that extracts 
of the intestinal mucosa made with solvents other than acid (namely, 
water or alcohol) are active. It has also been demonstrated that bile 
introduced into the duodenum causes secretin to be absorbed into 
the blood stream and induces, in consequence, a secretion of pan- 
creatic juice. 

A second hormone having a stimulating action upon the secretion of 
pancreatic juice has been discovered within recent years It has been 
named pancreozymin and, like secretin, is obtained by extraction 
from the duodenal mucosa But, in contrast to the latter hormone, 
which increases only the water and salts of the juice, pancreozymin 
increases the production of the enqrmcs It causes the discharge of 
zymogen granules from the gland cells and has little effect upon the 
volume (water) of the secretion. 

The secretion of pancreatic juice is also brought about through 
nerve impulses. Stimulation of the vagus nerve causes the secretion 
of a juice very rich in digestive cn^mes; rapid exhaustion of the 
zymogen granules results. Secretin, as just mentioned, appears to be 
responsible mainly for the secretion of the water and inorganic con- 
stituents of the juice. The vagal effect upon pancreatic secretion is, 
therefore, closely similar to that caused by pancreozymin and unlike 
that following the injection of secretin. It was shown several years 
ago by Pavlov that psychic factors — the taste and smell of food — 
were capable of evoking a secretion of pancreatic juice. These reflex 
secretory effects were particularly well shown by feeding experiments 

* It is interesting to recall that Bayliss and Starling coined the word hormone to 
express the characters of their newly discovered secretin 
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in dogs. However, the psychic or cephalic element plays a much less 
prominent role in pancreatic than in gastric secretion. 

The villi and glands of the small intestine. The mucous membrane 
of the small intestine is beset with great numbers of minute, slender, 
fingerlike or tonguelike processes — the intestinal villi — ^which give to 
the naked eye the soft velvety appearance of the intestinal mucosa 
(Fig. 8.25). Absorption from the small intestine of water and the 



products of digestion occun entirely through the specialbed ep!> 
thelium which covers the vilU. The columnar epithelial cells in this 
situation are continuous with those lining the intestinal glands and 
show short delicate lines lying along and perpendicular to their free 
borders. In this respect these cells resemble those lining the proxi- 
mal convoluted tubules of the Kidney (p. 270). The striations appear 
to be associated in some way with the capacity of selective absorp- 
tion which both the renal and intestinal cells possess. 

Intestinal glands. The crypts of Lieberkiihn or intestinal glands 
are tiny pockets lying between the villi. Tbeir blind ends dip deeply 
into the mucous membrane, reaching as far as the muscularis mu- 
cosae (Figs. 8.25 and 8.36). They arc lined by epithelial cells con- 
tinuous with those covering the summits of the villi. Many of the 
epilhehal cells lining the gland become converted into goblet cells 
and discharge mucus. Others (cells of Paneth) situated at the deep- 
est or blind end of the crypts are filled with coanc granules and are 
believed to secrete the enzymes of the intestinal juice (Fig. 8.26). 

The intestinal juice, succus entericus. The term intestinal juice 
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(L. succus enterkus) is rc« 
served for the secretion of the 
intestinal glands or crypts of 
Licberkuhn described in the 
preceding section and does 
not mean merely the fluid con- 
tents of the intestinal canal. 

Composition. The intestinal 
juice is alkaline in reaction, 
due to its content of sodium 
carbonate and bicarbonate. It 
contains enterokinase, the ac- 
tivator of trypsin, and the fol- 
lowing enzymes. 

1. Peptidases (erepsi/i),* 
enzymes which effect 
the flnal breakdown of 
the protein molecule in- 
to its constituent amino 
acids. 

2. Sucrose, maltose, and 
lactase, enzymes which 
act upon the disaccha- 
rides, sucrose (cane sugar), maltose (sugar of malt), lactose 
(milk sugar), respectively. 

3. Lipase. 

Peptidases do not act upon unchanged protein. The protein must 
first be digested to the peptid stage by trypsin. Peptidases act best at 
a pH of about 8. The intestinal wall itself contains these enzymes 
and small amoaitts site presefft ta cthcc tissues ol the body, iadiidisg 
the blood. The intestinal wall also contains enzymes — nuclease, 
nucleotidase, and nucleosidase — capable of digesting nucleic acid and 
its derivatives (p. 366). 

Sucrose, maltose, and lactase. Sucrose (cane, beet, and maple 
sugar) is split by sucrase into a molecule each of glucose and fruc- 
tose; maltose, when acted upon by maltase, yields two molecules of 
glucose; and lactose is converted into a molecule each of glucose and 

> Ercpsin (Gr ereptomat, to feed upon) b an old term applied to the enzymes 
of the intestinal juice which effect the ffnal breakdown of the pmi.-m in 

ammo acids in the belief that but a single enzyme was responsible. 


COBLET CELL 



Fig 8 26 Showing a crypt of Liebcr- 
kdhD on left with goblet cells. On right, 
an enlarged sketch of bottom of crypt to 
show ceUs of Paneth loaded with Can- 
utes 
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in dogs. However, the psychic or cephalic element plays a much less 
prominent role in pancreatic than in gastric secretion. 

The villi and glands ot the small intestine. The mucous membrane 
of the small intestine is beset with great numbers of minute, slender, 
fingerlike or tonguelike processes — the intestinal villi — which give to 
the naked eye the soft velvety appearance of the intestinal mucosa 
(Fig. 8.25). Absorption from the small intestine of water and the 


Fig 8.25 Showing 
villi of the small intes- 
me. One villus sec- 
tioned lengthwise to 
show vessels. 


products of digestion occurs entirely through the specialized epi- 
thelium which covers the villi. The columnar epithelial cells in this 
situation are continuous with those lining the intestinal glands and 
show short delicate lines lying along and perpendicular to their free 
borders. In this respect these cells resemble those lining the proxi- 
mal convoluted tubules of the kidney (p. 270). The striations appear 
to be associated in some way with the capacity of selective absorp- 
tion which both the renal and intestinal cells possess. 

Intestinal glands. The crypts of LieberkUhn or intestinal glands 
are tiny pockets lying between the vilJi. Their blind ends dip deeply 
into the mucous membrane, reaching as far as the muscularis mu- 
cosae (Figs. 8.25 and 8.36). They are lined by epithelial cells con- 
tinuous with those covering the summits of the villi. Many of the 
epithelial cells lining the gland become converted into goblet cells 
and discharge mucus. Others {cells of Paneth) situated at the deep- 
est or blind end of the crypts are filled with coarse granules and arc 
believed to secrete the enzymes of the intestinal juice (Fig. 8.26). 

The intestinal juice, succus entericus. The term intestinal juice 
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(L. succus entericus) is re- 
served for the secretion of the 
intestinal glands or crypts of 
Lieberkuhn described in the 
preceding section and does 
not mean merely the fluid con- 
tents of the intestinal canal. 

Composition. The intestinal 
juice is alkaline in reaction, 
due to its content of sodium 
carbonate and bicarbonate. It 
contains enterokinase, the ac- 
tivator of trypsin, and the fol- 
lowing en:tymes. 

1. Peptidases {erepsin),* 
enzymes which effect 
the final breakdown of 
the protein molecule in- 
to its constituent amino 
acids. 

2. Sucrose, maltose, and 
lactase, enzymes which 
act upon the disaccha- 
rides, sucrose (cane sugar), maltose (sugar of malt), lactose 
(milk sugar), respectively. 

3. Lipase. 

Peptidases do not act upon unchanged protein The protein must 
first be digested to the peptid stage by trypsin. Peptidases act best at 
a pH of about 8. The intestinal wall itself contains these enzymes 
and small amounts are present m other tissues of the body, including 
the blood. The intestinal wall also contains enzymes — nuclease, 
nucleotidase, and nucleosidase — capable of digesting nucleic acid and 
its derivatives (p. 366). 

Sucrose, maltose, and lactase. Sucrose (cane, beet, and maple 
sugar) is split by sucrase into a molecule each of glucose and fruc- 
tose; maltose, when acted upon by maltase, yields two molecules of 
glucose; and lactose is converted into a molecule each of glucose and 

» Erepsin (Or ereptomai, tO feed upon} is an old (enn applied to the enzymes 
of the intestinal juice which effect the final breakdown of the protein molecule to 
ammo acids m the belief that but a single enzyme was responsible < 


goblet cell 



Fig. 8 26 Showing a crypt of Lteber- 
kuhn on left with goblet cells. On right, 
an enlarged sketch of bottom of crypt to 
show cells of Paseth loaded with gran- 
ules 
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galactose by lactase. The hydrolysis of sucrose is shown in the fol- 
lowing equation: 

CijHkiOii -f HjO =■ C*HisO( + CgHitOi 
sucrree ^cccse fructose 

Lipase, though in lower concentration in the succus entericus than 
in pancreatic juice, plays an important role, nevertheless, in the di- 
gestion of fat. The importance of its action is shown after abolishing 
the effect of the pancreatic lipase, as by tying the pancreatic duct. 
Following this procedure, at least 70 percent of the fat in the food 
undergoes digestion. 

The secretion of intestinal juice. Mechanical types of stimulation 
are particularly effective in causing a secretion of intestinal juice. 
The contact with the intestinal mucosa of rough indigestible constitu- 
ents of the food and especially distension of the intestinal wall itself 
by food masses exert a pronounced excitatory effect upon the intes- 
tinal glands. The secretion is brought about reflexly through the nerve 
plexuses of the intestinal wall. The extrinsic nerves (vagus or sym- 
pathetic) do not appear to have any excitatory effect. If either of 
these nerves exert any effect at all upon secretion, it is of an inhibitory 
nature. The question whether or not a hormone plays a role in con- 
trolling secretion cannot be answered deffnltely, though there is some 
evidence that secretin stimulates the intestinal glands os well as the 
pancreas. 

The Production of Bile by the Liver. 

The Composition of Bile; Its Storage in, 
and Expulsion from, the Gall Bladder 

Though it is customary to speak of the secretion of bile, this fluid, 
like urine, is rather in the nature of an excretion. It Is produced from 
the constituents of the blood by the cells of the liver which are ar- 
ranged in rows — the liver cords — radiating from a central vein 
(p. 208). A small aggregation of such cords, together with the cen- 
tral vein, is known as an hepatic {liver) lobule. On one side of each 
liver cord is a blood sinus; through these vessels, called hepatic sinu-. 
soids, courses a mixture of portal and hepatic artery blood (Figs. 
8.27 and 8.28). On the other side lies a fine canal (biliary canalicu- 
lus) into which the cells of the liver cords discharge the bile formed 
from the constituents of the blood. The canaliculi drain into channels 
of progressively increasing size until a relatively large tube — the 
hepatic duct — is formed, along which the bile leaves the liver. 
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The composUion oj bile. Human bile is a clear yellow or orange- 
colored fluid secreted by the liver cells. Its chief constituents are the 
bile pigments, the bile salts, lecithin, cholesterol, inorganic salts, and 
mucin. Table 8-3 gives the average composition of human bile as it is 
secreted by (he liver. 

Table 8-3 


Water 

Solids 

Mucin and pigments . . 

Bile salts 

Fatty acids from soaps 

Cholesterol . 

Lecithin 1 

Fat / 

Inorganic salts 


974.80 

25.20 

5.30 

9.30 
1.23 
0 63 

0.22 

8.32 


Bile collected from the gall bladder is much more concentrated than 
liver bile (see p. 332). 

The bile pigments are called bilirubin and biliverdin. They are de- 
rived from the hemoglobin liberated from red blood corpuscles, 
which at all times are undergoing disintegration in the blood stream 
(p. 329). The conversion of the hemoglobin to bilirubin is effected by 
the reticulo-cndothelial cells of the spleen, hver (Kupffer cells), bone 


marrow, and general connective 
sist of the porphyrin part of the 
hemoglobin molecule — that is, 
the remnant of the molecule 
after the globin and iron have 
been removed. Bilirubin is not 
quite identical, however, with 
the porphyrin in hemoglobin, for 
the chemical structure of the 
porphyrin group is also altered. 
The iron liberated in the conver- 
sion of hemoglobin to bile pig- 
ment is stored chiefly in the liver 
and spleen. 

Bilirubin (CsjHjbNiO*) is an 
orange-red pigment; it is the 
chief pigment in human bile and 
in the bile of dogs. Biliverdin 


tissues (p 94) The pigments con- 
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Fig 8.27 Diagram of a liver lobule. 
1, mterlobular vein; 2, central vein; 3, a 
lobule. The fine lines converging toward 
the central vein and surrounding (he 
liver cells are the hepatic sinusoids. 
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Fig 8 28 Segment of a hver lobule (diagrammattc) While circles 
represent blood corpuscles Arrows indicate bile secretion (Sec also 
Fig 8 27 ) 


(C»,H3«NjO») is green and constitules ihc greater part of the pigment 
in the bile of birds and of herbivorous mammals It is simply an 
oxidation product of bilirubin 

Upon reaching the intestine, bilirubin undergoes chemical reduc- 
tion as a result of bactcnal action This reduction product, which 
gives the yellow brown color to feces, is called stercobiUnogen (also 
called iirobi/inogcn) Upon exposure to air, a part of the stcrcobiUno- 
gen IS oxidized again, and is then called stercobilm (or urobilin). 
Though the greater part of the stercobiUaogcn is passed with the feces, 
a part IS absorbed into the portal circulation and returned to the 
liver, whence it is discharged again m the bile (see Fig 8 29) In 
health, only minute amounts of urobilinogen, or none at all, find their 
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way into the general circulation- Any which does escape from the 
liver into the systemic blood is excreted by the kidney, but the amount 
is so small that it does not stain the urine; it can be detected only by 
delicate chemical tests. The yellow color of healthy urine is not due, 
therefore, to this pigment (see p. 274). 


Fig 8 29 Diagram il- 
lustrating the circula- 
tion of bile pigment. 1, 
liver; 2, intestine; 3, 
kidney. The dotted line 
indicates the entrance 
of urobilinogen into the 
blood and its excretion 
by the kidney when the 
liver IS damaged or 
there is an excess of 
bile pigment produc- 
tion 


The bile salts are sodium glycochohie and sodium saurocholate. 
The bile acids glycocholic and taurochohe ore produced in the liver 
by the union of choUc acid (Cj.HwO,) with the amino acids, glycine 
and taurine, respectively. 

The secretion of bile. We have seen that the cells forming the liver 
cords are exposed on one side to the blood in the sinusoids from 
which materials are removed and passed as bile into the biliary can- 
aliculi on the other side (Fig. 8.28). The bile U carried through a 
system of channels of progressively greater size to the large hepatic 
duct. The liver forms and secretes bile continuously, but, mstead of 
passing directly into the intestine as it is formed, the bile passes into 
the gall bladder from which it is discharged from time to time into 
the duodenum. 

The storage of bile and its discharge into the intestine. The gall 
bladder is a small pear-shaped sac which, in the human subject, has 
a capacity of about 50 cc. It is situated on the under (posterior) sur- 
face of the liver (Fig. 8.30). Leading from its upper and smaller end 
is the cystic duct. The cystic duct joins the hepatic duct at an acute 
angle to form the common bile duct. The latter joins the pancreatic 
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forms important functions in the intestine Its main function is con- 
cerned with the digestion and absorption of fat Though the bile does 
not contain a fat-splittmg enzyme, and, therefore, has no direct action 
upon the digestion of fat, the biie salts, through their power to lower 
surface tension, aid very greatly in the emulsification of fatty matenals 
m the intestinal contents The digestion of fat is materially advanced 
thereby, for the division of the oily materials into small globules in- 
creases by several fold ^ surface exposed to the action of the pan- 
creatic and intestinal Imases The bile salts have also the property of 
rendering soluble, in tl^a^u^otis fluids of the intestine, the fatty acids 
liberated during fat digestion This is the so called hydrotropic action 
of the bile salts The dissolved fatly acids, m turn, have the property 
of lowering surface tension, any soaps which may be formed dunng 
digestion, and the cholesterol of the bile, have a similar action These 
several factors combine to produce a fine emulsion of fatty material 
in the small intestine The bile salts aid fat digestion m another way 
They serve as specific actuators of the pancreatic lipase That is, quite 
apart from their emulsifying effect, they enhance very greatly the fat* 
splitting action of the pancreatic juice The action of the intestinal 
lipase IS not altered in this specific way by bile 
Bile, important though it is (or the efficient digestion of fat, is of still 
greater importance for fat absorption When bile is excluded from the 
intestine, over 80 percent of the fat is digested — that is, split into fatty 
aevds and gtycenn (gtycetol) ^ large proportion o? the fatty acids, 
however, is not absorbed, but appears in the feces Only recently has 
the part played by the bile salts in the absorption of fat been elucidated 
They unite in the intestine with the fatty acids to form complex com- 
pounds which pass readily into the epithelial cells covering the intes- 
tinal villi Here the bile salts are freed again from the union, and are 
carried in the portal blood to the Uver which excretes them again m 
the bile This circulation of the bile salts has been known for a long 
lime, though its significance was not apparent The fatty acids liber- 
ated from their combination with the bile salts now combine with glyc- 
erin which has penetrated into the epithelial cells from the intestinal 
lumen The products of fat digestion — fatty acids and glycenn — are 
thus reunited wiihm the epithelial cells to form neutral fat The greater 
pan (about 60 percent) of the synthesized fat passes into the small 
lymphatics (lacleals) running through the centen of the vilh The 
course taken by the remaining 40 percent of the fat is uncertain It is 
probably absorbed into the blood of the portal system There is evi- 
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dence for the view that a part of the fat is absorbed directly — that is, 
as fine globules of unsplit fat. 

Jaundice (Fr.jaime, yellow) or ictmis. In health, human plasma 
contains a small quantity of bilirubin. The concentration ranges in 
different persons from 0.1 to 0.5 mg per 100 cc. The bilirubin of the 
plasma is that which, having been formed by the reticulo-endothelial 
cells from hemoglobin derived from disintegrated erythrocytes, is on 
its way to the liver for excretion. 

When excessive amounts of bilirubin are present in the plasma, the 
skin, raucous membranes, and whites of the eyes are stained yellow. 
The condition is called jaundice or Icterus. Bilirubin then appears also 
in the urine and sweat, but does not pass into the saliva. An abnor- 
mally high concentration of plasma bilirubin may be due to excessive 
amounts of the pigment being produced, the liver and excretory chan- 
nels being normal. On the other hand, the quantity of pigment formed 
in the body may be within normal limits, but the function of the liver 
is impaired as a result of some toxic or infective process, and does not 
remove bilirubin readily from the plasma. Again, the bile passages may 
be obstructed; the excretion of bile into the intestine is then prevented. 
There are, therefore, three types of jaundice: ( 1 ) hemolytic, (2) toxic 
or infective, and (3) obstructive. 

Hemolytic jaundice is seen m conditions which cause increased de- 
struction of red cells — e.g., pernicious anemia, hemolytic anemia, and 
poisoning with certain hemolytic agents. It is therefore due to the exag- 
geration of a normal process — namely, the liberation of hemoglobin 
from disintegrated blood cells. This type of jaundice is not uncommon 
in the newborn infant; it persists for 4 or 5 days after birth. The baby 
comes into the world with an excess of red cells, which undergo de- 
struction during the first few days, the concentration of bilirubin in 
the plasma being thus increased to the point at which jaundice ap- 
pears. Another factor is the functional immatimfy of the liver. This 
type of jaundice of the new bom is harmless, and indeed may be looked 
upon as a physiological phenomenon. In the hemolytic types of jaun- 
dice, the stools are dark, due to the increased pigment excretion: 
urobilin may appear in the urine. 

In the toxic and infective types of jaundice, the liver cells are in- 
jured by some poison or infective process which interferes with their 
ability to eliminate bile pigment. 

Obstructive jaundice is most often the result of blockage of the com- 
mon bile duct by a gallstone within its lumen, or by a tumor pressing 
upon it from without. In this type, the discoloration of the skin and 
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mucous membranes is usually intense. The feces are pale, being usu- 
ally described as “cJay colored ” because bile pigment is, of course, 
excluded from the intestinal tract. The urine is usually deeply colored 
with bilirubin. 

Movemcnjs^f the^small intesfiiK. Three types of movement occur 
in the sra^ iifttSstine: (a) perlsialtie, (b) segmenting, and (c) pen- 
dular. 



B 



Fig. 8 32 Diagram of the raovemesU of the small iatestine. A, peristalsis; ar- 
rows indicate the direction of movement of the constricting band; B, segment- 
ing movements. 

Pcristflhic movement iperisiaisis). This lund of movement is ncft 
restricted to the small intestine, but is characteristic of hollow mus- 
cular organs in general. It has been mentioned as occurring in the 
esophagus during the third stage of swallowing, and in the pyloric part 
of the stomach. It is also seen in the large intestine, as well as In th^ 
ureter. Fallopian tube, and common bile duct. The movement con- 
sists of a ringlike contraction of the muscular wall of the tube. The an- 
nular contraction, as it travels downward, causes a certain degree of 
constriction of the bowel which sweeps before it any material within 
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the lumen (Fig. 8.32A). The movement is readily started by a me- 
chanical, an electrical, or a chemical stimulus. The most powerful 
stimulus is disten^n of the bowel — i.e., stretching of the muscle 
fibers. Filling of the bowel with food material provides just such a 
stimulus, the contraction occurring immediately ^hind the stimulated 
region. Peristaltic movements may follow one another at regular and 
fairly frequent intervals, the intestinal contents being moved steadily^ 
but gently along the canal. At other times a brisk peristaltic contrac-’j 
tion appears which travels rapidly along the tube but, after moving the; 
food a considerable distance, may not be repeated for some time. This 
is called the peristaltic rush. Especially strong stimulation, the action 
of a cathartic or an irritant poison, for example, may set up a peristal- 
tic rush which travels throughout the length of the small bowel. Such 
a movement may also be initiated reflexly from the esophagus during 
swallowing, or from the stomach. 

Except in the duodenum near its commencement and at the terminal 
part of the ileum (see Fig. 8.1, p. 288), the peristaltic movements of 
the normal small intestine are always from the stomach downward — 
that is, in a direction toward the anus. Peristalsis in the reverse direc- 
tion (antiperistalsis) is occasionally observed normally in the situa- 
tions just mentioned. It may also occur anywhere in the small intestine” 
in abnormal states of the intestinal tract, especially when the canal is 
completely obstructed. 

Segmenting movements. These movements are rhythmical constric- 
tions of the intestine which serve to break up and knead the food, to 
mix it thoroughly with the intestinal juices, and to bring the intestinal 
contents in contact with fresh absorptive surfaces. These movements 

Rg. 8.33 Diagram showiag <he ef- 
fect of the segmenting movements 
upon the food mass in the intestine. 

A senes of constricuons of the bowel 
wall suddenly divides the column of 
food, I, into a number of segments, 3 o Yj, ^ 4 w V 2Y 

2. Each of the latter is bisected again O (Q q 

the next instant, the adjacent halves * CP ^ ^ 

fusing as in 3, and being redivided as in 4. The process is repeated over and over 
again until the food is Uioroughly mixed. (After Cannon.) 

also increase the blood and lymph flow in the intestinal wall; but they 
exert no propulsive action upon the food. They occur at the rate of 
from 20 to 30 per minute (see Kgs. 8.32B and 8.33). 

Pendular movements. These arc simple constrictions of the intes- 
tinal wall. They move up and down the bowel for short distances, giv- 
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ing a to and fro movement to the semifluid material in the canal, and 
thus lending further aid to the processes of digestion and absorption 
(Fig. 8.34). 

Hie Innervation of the small Intestine. The small intestine receives 
fibers from the vagus (parasympathetic) and the splanchnic (sympa- 
thetic) nerves. The vagus is excitatory, the sympathetic inhibitory, in 
action (see PI. 8A). It will be noted that the actions of these nerves 



Fig. 8.34 Pendular movement; arrenn indicate the directions of the move- 
ment. 


upon (he intestine, as compared with their actions upon the heart, are 
reversed. The intestinal wall itself contains two nerve plexuses. One 
of these lies between the two muscular coats (circular and longitudinal) 
of the intestine and is called Auerbach’s plexus; ganglion cells are 
found among the network of nerve fibers. TTie other plexus, known as 
Meissner’s plexus, lies m the submucosa (PI. 8B). The vagal fibers 
connect with the ganglion celk of Auerbach’s plexus; the impulses arc 
thence conveyed by the axons of these cells (postganglionic fibers) to 
the muscle fibers The sympathetic fibers, on the other hand, do not 
form junctions with ganglion cells in the intestinal wall but pass di- 
rectly to the muscle cells. The postganglionic ^mipathetic fibers arise 
from cells in the celiac and superior mesenteric ganglia (PI. 8A) . 

Though the intestinal movements are influenced by impulses travel- 
ing over the vagus and splanchnic nerves, they are not dependent upon 
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them, for the three types of intestinal movement continue after all 
nerves of extrinsic origin have been sectioned. The peristaltic move- 
ments are then carried out through the intrinsic nervous mechanism 
(plexuses of Auerbach and Meissner). The segmenting and pendular 
movements are dependent upon the property of rhythmical activity of 
the muscle fibers themselves, and not upon 
any nervous mechanism. They continue in 
a denervated strip of intestinal muscle, or 
after paralysis of the plexus by cocaine. 

The ileocolic sphincter. The small intes- 
tine empties into the upper part of the ce- 
cum through a valvelike opening called the 
ileocolic valve (Figs. 8.35 and 8.22, p. 

321). The ring of muscle surrounding the 
opening is called the ileocolic sphincter. It 
controls the passage of the contents of the 
ileum into the cecum and prevents or hin- 
ders the reflux of material into the ileum, 
thus protecting the small intestine from 
contamination by the putrefactive bacteria 
which flourish in the large intestine. The 
sphincter opens and closes during digestion 
to permit gushes of deal contents to enter 
the cecum. During fasting it remains closed 
for long periods, but opens withm a few minutes after a meal. This in- 
dicates a reflex action initiated by the entrance of food into the stom- 
ach. The ileocolic sphincter receives motor fibers through the sympa- 
thetic; inhibitory fibers are believed to be carried by the vagus. 

The innervation of the ileocolic sphincter is, therefore, the reverse 
of that of the small intestine itself. A penstaltic wave m the small in- 
testine, accompanied by relaxation of the sphincter, is brought about 
by vagal impulses; the ileal contents are passed into the large intestine. 
Relaxation of the wall of the small intestme, with closure of the 
sphincter, is caused by sympathetic impulses; the entrance of material 
into the large intestine is prevented. A discharge of impulses from a 
single nervous center (vagal or sympathetic) in this way either drives 
the semisolid contents of the ileum through the sphincter, or holds them 
back; thus incomplete digestion of the food is guarded against. 

The movements and innervation of Ihe large intestine. Food mate- 
rial reaches the cccum about 4J hours after a meal. Rhythmical move- 
ments resembling the segmenting movements in the small intestine may 



Fig. 8 35 Diagram of the 
ileocolic valve m section. 
(See also Fig. 8 22, page 
321 ) 
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be seen occasionally in the cecum, but peristaltic contractions are ab- 
sent. Regular and frequently recurring peristaltic contractions are usu- 
ally absent also from the rest of the large intestine. At certain long 
intervals, however, a strong peristaltic wave commencing in the upper 
end of the ascending colon moves swiftly over the transverse colon. 
This mass movement, as it is called, is analogous to the peristaltic rush 
in the small intestine; it empties the transverse colon, sweeping the 
material into the descending and pelvic colons or into the rectum. The 
pelvic colon and lower part of the descending colon serve as a store- 
house for the feces until the desire to defecate is aroused. 

The cecum, ascending colon, and the first third or so of the trans- 
verse colon are supplied with motor fibers through the vagus nerves. 
The remainder of the large intestine, including the rectum and the anal 
canal, is supplied with motor fibers through the pelvic nerves (para- 
sympathetic from the second, third, and fourth sacral segments of the 
spinal cord). The inhibitory fibers to the entire large intestine arc de- 
rived from the sympathetic These two sets of nerves act upon the in- 
ternal anal sphincter in a reverse fashion, the sympathetic is cxcitatoiy, 
the pelvic nerve inhibitory. As stated previously, the sympathetic is 
also the motor nerve to the ileocolic sphincter. The external anal 
sphincter is under voluntary control through the pudendal nerve. 

In health, the antagonistic effects of the parasympathetic and sytn* 
pathetic nerves to the large intestine are nicely balanced. But the bal- 
ance IS sometimes upset Relaxation and weakness of the walls of the 
descending and pelvic colons result from overactivity of the sympa- 
thetic innervation The tone of the internal anal sphincter, on the 
other hand, is exaggerated. The colon is unable to empty itself ef- 
fectually, and dilatation of its lumen, often to enormous proportions, 
follows This condition is called megacofon (G. megor, large) or 
Hirschsprung’s disease. When, on the other hand, the pelvic nerve 
(parasympathetic) is hyperactive, the descending colon becomes firmly 
contracted; its lumen is obliterated. This — the so-called spastic colon 
— one cause tH chiomc constipation (p, 342) . 

Defecation (evacuation of the bowels) is a reflex ac^ initiated by the 
passage of feces into the rectum. Normally the rectum is empty, ex- 
cept just before defecation; feces are forced into it from the pelvic 
colon by a mass movement. The latter movement is often started by 
the entrance of food into the stomach — gastrocolic reflex. This reflex 
is responsible for the desire to defecate so often experienced a short 
time after a meal, especially breakfast. The distension of the rectum 
as it becomes filled with feces acts tu a stimulus to.afferent nerve end- 
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ings in the rectal wall. The impulses set up are conveyed to a center in 
the sacral part of the spinal cord. The efferent nerve fibers pass to the 
wall of the descending and pelvic colons, rectum, and the internal anal 
sphincter, via the pelvic nerves, and to the external anal sphincter and 
the striated muscle lying in relation to the rectum, via the pudendal 
nerves. A higher center for defecation Is situated in the medulla ob« 
longata. This is connected to the lower center by tracts of fibers in the 
spinal cord. The intrarectal pressure necessary to start the defecation 
reflex is from 40 to 50 mm Hg. 

The movement of defecation consists of a powerful peristaltic con- 
traction of the descending and pelvic colons and rectum, assisted usu- 
ally by a \oluntary contraction of the abdominal muscles, and of the 
muscles lying in relation to the rectum (Icvalores ani and rectococ- 
cygeus muscles). The contraction of the abdominal muscles is im- 
m^iately preceded by an inspiratory movement (descent of the 
diaphragm and closure of the opening fglottis] of the laiy-nx), thus mir- 
ing the tntra-abdominal pressure Relaxation of the anal sphincters 
occurs reciprocally with the contraction of the intestinal wall — a nerv- 
ous mechanism which we have already dealt with. 

Constipation. Persons vary considerably m the frequency with 
which their bowels are evacuated In some a bowel movement occurs 
twice or even three times daily, while others may feel no discomfort 
if an interval of two days or more elapses between movements. The 
majonty of heaifhy persons have one cvactratron daily, usually ra the 
morning after breakfast Owing to this variability, it is difficult to give 
a precise definition of constipation However, when the interval be- 
tween bowel movements is greater than 24 hours and the subject, as a 
result, suffers distress or discomfort (e g., headaches, digestive dis- 
turbances, etc.), or if the feces are abnormally dry and hard and the 
evacuation of the bowels difficult, constipation certainly exists. 

Constipation is caused most commonly by bad habits. As men- 
tioned ateve, the desire to empty the bow'd is aroused by the pas- 
sage of feces into the rectum, and the stimulation of afferent nerve 
endings in the intestinal wall. The act can, however, be voluntarily 
restrained and, when this is practiced, the tone of the rectal wall is 
reduced, and the rectum thus accommodates its capacity to the bulk 
of the feces (postural tone, p. 293) ; the afferent nerve endings are no 
longer adequately stimulated, or, at any rate, are unresponsive, and 
the desire to defecate passes As a result of the absorption of water, 
the retained feces become dry and hard. When the habit of postpon- 
ing defecation in this way is persisted in, the rectum, which normally. 
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except just before evacuation, is empty, contains feces most of the 
lime; it becomes permanently less sensitive to distention, and its mus- 
cle, as well as that of the pelvic colon, loses its tone. It is well known 
that the reflex mechanisms governing the emptying of the bowel are 
amenable to “training.” A ^'pe of condition^ reflex becomes estab- 
lished When the habit of emptying the bowels at a certain hour each 
day is practiced for a while, the desire to do so tends to recur regularly 
at this time. 

Other causes of constipation are: (a) A diet which leaves too little 
unabsorbed residue or one which contains too little fluid. The contents 
of the large intestine are, therefore, of small bulk and fail to furnish a 
sufficiently strong stimulus (stretching of the intestinal wall) to set up 
vigorous peristaltic contractions (b) A colon which absorbs too read- 
ily and thus causes undue drying of the feces (c) Hypertonic state of 
the muscle of the colon — spast/c constipation: the transverse and de- 
scending colons are the seat of a strong tonic contraction which im- 
pedes the progress of the feces. 

The myth of autointoxication. The general effects of constipation 
upon the sense of well-being arc too familiar to require description 
But their cause is a subject upon which there is much misunderstand- 
ing. We hear a great deal of poisons-formed in the intestinal tract, and 
the dire effects which they are supposed to have upon the body. Intes- 
final intoxication or autointoxication (self-poisoning) is glibly spoken 
of, and advertisements in the daily press exhort one to irrigate the 
colon, in order to remove the noxious materials. There is no doubt 
whatever that small amounts of powerful poisons are formed in the 
large intestine as a result of the action of bacteria upon amino acids 
which have escaped absorption in the small intestine. They arc in- 
tensely toxic if injected into thie circulation. Some of these substances 
— known generally as amines — are formed by the removal of a mole- 
cule of carbon dioxide from such amino acids (p. 360) as alanine, 
tyrosine, histidine, etc. Among the more potent of such amines are 
ethylamine (from alanine), histamine (from histidine), and tyramlne 
(from tyrosme) However, the production of such poisons is a per- 
fectly normal process, and there is nothing more certain than that they 
cannot be held responsible for the headache, bad breath, furred tongue, 
or any of the other effects of constipation. The body is provided with 
mechanisms for rendering innocuous the poisons formed in the colon. 
The first line of defense raised against them is in the wall of the bowel 
Itself; here some are destroyed or changed into harmless compounds. 
The second and most important detoxicating mechanism is in the liver, 
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where the toxic bodies are combing with sulfuric acid or with gly- 
curonic acid. The resulting relatively innocuous compounds (indoxyl 
sulfuric acid and glycuronates) pass from the liver to the kidne)’ for 
excretion. 

To what then are the symptoms of constipation due? It is now gen- 
erally Conceded that they are of reflex origin. Afferent impulses set up 
in the distended colon or rectum, though ineffectual m precipitating 
the defecation reflex, produce reflex effects in other parts of the body, 
particularly the stomach and blood v^els. The headache is probaWy 
due to the effect upon the intracranial blood vessels. The rapid relief 
from the ill effects of constipation which follows evacuation of the 
bowels is a common experience, and, in itself, argues strongly against 
such effects being of toxic origin, for it is mconceivable that poisons 
could be freed so swiftly from the blood stream. To quote the perti- 
nent comment of Dr. Alvarez, who has devoted much time to a study 
of the question, “A drunken man does not at once become sober when 
the whisky bottle is taken from him”; one might add, “and even after 
his stomach has been emptied.** 

Absorption from the Intestinal Tract 

The absorption of food products is, for all practical purposes, confined 
to the small intestine. &me drugs and certam hormone preparations 
Can be absorbed in minute quantities from the mouth, especially the 
mucous membrane beneath the tongue. Alcohol and a number of 
drugs are absorbed from the stomach fairly rapidly. The gastric ab- 
sorption of water and, to some extent, of mineral salts, also occurs, 
but much more slowly. The absorption from the stomach of glucose 
and other sugars in weak solution is negligible, but may be consider- 
able if in a concentration of over 10 percent. The greatest absorption 
of water relative to solids occurs from the large intestine. As a result, 
the intestinal contents undergo a pronounced reduction in bulk, and 
a change in consistency in their passage through this part of the intes- 
tinal tract. Unchanged protein is not absorbed, except occasionally in 
minute amounts, from any part of the gastrointestinal tract.® Fat does 
not pass from the cavity of the stomach into the circulation, though an 
attempt at absorption appears to be made; for after a meal of fat, fine 
droplets of oil can be detected in the gastric mucosa itself. 

The alimentary tract, from a philological point of view, must be 

« tbe ingestion of a large quantity of raw white of egg may be followed, even 
in a healthy person, by its appearance, mKhaaged, in small amounts in the urine. 
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considered as lying outside oi the body proper. Food material ingested 
and held within the digestive tube cannot be said truly to have entered 
the body until it has passed across the intestinal mucosa and been ab- 
sorbed into the blood. Just as die sUn covers the outer surface of the 


g body, so the mucosa of the gastrointestinal 

tract constitutes its inner surface. An eitamina- 
tion of the interior of the small intestine shows 
I lining of the body has 

^ been fashioned for increasing the area exposwl 

^ ^ for the absorption of food materials. The mu- 

^ P ! ^ ll cosa is raised into circular folds (ph’cne c/rcu- 

I i/< W S iores) which, m the upper part of the intestine, 

f fjC 4 fI ^ nearly a third of an inch in depth. 

These and the intestinal viIU (p. 327), espe- 
If latter, increase enormously the total 

O absorbing surface (see Fig. 8.36). It has been 
estimated that the number of villi in the human 
-^^ 0 V small mtestine is around 5,000,000 and the 
- absorbing surface not far short of 10 square 

Fig 8 36 Intenor of meters — more than five times the skin surface. 

viUus A, arteriole. C, The center of each vdlus is occupied by an ar« 

Imph v^l!’’i ep^ ® snd a Of 

thehum. F. crypt of The arteriole leads into a network of capillaries 
Lleberkuho, L, lac- lying just beneath the epithelial covering of the 
teal, V, venuje. villus. The central vessels are surrounded by 

areolar tissue together with bundles of smooth muscle libers. If the in- 
testinal mucosa of a living animal is examined with the low power of 
the microscope, the villi will be found to be m ceaseless motion, sway- 
ing or lashing from side to side, and lengthening and shortening alter- 
nately. These movements, by their constant agitation of the intestinal 
fluids in the immediate neighborhood of the villi, cause thorough mix- 
ing svith the digestive cn^mes and bring the food material into contact 
with fresh absorbing surfaces; th^ thus aid very niateriaUy the diges- 
tive and absorptive processes. 

It will be recalled that the intestinal mucosa is impermeable, or 
nearly so, to the large molecules of the three foodstuffs — carbohy- 


drates (starch and the disaccharides, cane sugar, maltose, and lactose), 
proteins, and fats — but permits the free passage of the smaller mole- 
cules — glucose, amino acids, fatty acids, and glycerol into which the 
food is split by enzyme action. The absorption of these products is not, 
however, a simple process of diffusion, in which the intestinal mucosa 
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acts merely as a passive membrane. On the contrary, the epithelial cells 
covering the villi take an active part in absorption, as is evidenced 
by the observation that an increase in oxygen consumption and in car- 
bon dioxide production accompanies the process. Furthermore, the 
absorption, as shown by the following experiment, is selective. When 
the three sugars — glucose, galactose, and fructose — in equal concen- 
trations are placed in a loop of bowel immersed in saline, glucose 
passes through the intestinal wall more rapidly than does galactose, 
and galactose more rapidly than fructose, provided that the intestinal 
mucosa remains viable and uninjured. After injury or death of the 
mucosa, the three sugars pass through it at equal rates — i.e., simply 
by diffusion. 

After passing through the epithelium of the villi, the glucose and 
amino acids are absorbed into the network of blood vessels mentioned 
above; fat, synthesized in the epithelial cells from fatty acids and glyc- 
erin, passes, for the most part, into the lymph channels. 

The reaction of the intestinal contents. The formation of feces. The 
reaction of the duodenal fluids is usually slightly acid but it depends 
upon the stage of gastric digestion at which a sample is taken; upon 
the degree of acidity of the gastric contents; upon the quantity of al- 
kaline juices, pancreatic juice, and mucus secreted into the duodenum; 
and upon the nature of the food. It may be deflnitely alkaline. The 
contents of the remainder of the small intestine and of the entire large 
intestine have a reaction a little on the acid side (a pH of about 6.8). 
The feces are very faintly acid as a rule. 

The feces are not simply and solely unabsorbed residues of the food, 
but are made up largely of materials excreted from the blood. During 
starvation, for example, the bulk of the feces may not be greatly less 
than at ordinary times, and a loop of intestine isolated from the rest 
of the intestine becomes filled after a few days with a pasty mass in- 
distinguishaWe ia consistency and composition trom ordinary feces 
except that, of course, being isolated from the rest of the intestinal 
tract, it contains no bile and is, therefore, pale. Bacteria make up 
about 9 percent of the feces; the other main solid constituents are food 
residues, which vary considerably in amount with the proportion of in- 
digestible material (chiefly cellulose) in the diet. They contain some 
fat, nitrogenous substances, and minerals eliminated from the blood, 
together with epithelial cells and leucocytes, shed from the intestinal 
mucosa. A very small proportion of digestible food appears in the fe- 
ces. In other words, practically all the protein, fat, and carbohydrate 
which is eaten is absorbed, the food residues of the feces consisting al- 
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most entirely of indigestible substances. Vegetable material, since its 
framework is compost of cellulose, contributes more to the feces than 
do other foods. This indigestible material or “roughage,” as it is com- 
monly termed, serves a useful purpose in that it acts as a rowihanical 
stimulus, increasing the motility as well as the secretions of the intesti- 
nal wall. 

Snbstances that cause evacuation of the bowels: laxatives, cathar- 
tics, and purgatives.^ The manifold drugs and other substances em- 
ployed to stimulate the intestinal movements and cause evacuation of 
the bowels do not all bring about their eftect after the same fashion. 
Some, such as Epsom salts {magnesium rui/u/e), sodium sulfate^ and 
other salme cathartics, being not absorbable, cause through their os- 
motic effect a flow of water into the small intestine which, by increas- 
ing the bulk of the intestinal contents, causes distention, and conse- 
quent stretching of the bowel wall; this, we have seen (p. 337), acts 
as a powerful stimulus to peristalsis. Other cathartics, such as castor 
oil, contain an irritant principle which serves to excite intestinal mo- 
tility, Croton oil is an especially powerful irritant which in very small 
dosage causes profuse purgation and, m larger amounts, may induce 
acute inflammation of the intestinal mucosa. Figs, raisins, etc., act by 
virtue of their indigestible residue, chiefly seeds, which serves me- 
chanically to stimulate the intestinal movements, local reflexes being 
set up in the nerve plexuses of the intestinal wall Undigested material 
of any sort within the bowel — e.g., the skins of fresh fruit, the cellw- 
tose of raw vegetables, whole wheat, and bran—aS serve os intes- 
tinal stimulants by increasing the bulk and consequently the degree of 
stretch of the bowel wall Paraffin oil, which is not absorbed from the 
intestine except perhaps m minute amounts, acts in a similar manner. 
There are a host of other laxatives and cathartics, many of them used 
from time immemorial, of which little is known definitely concerning 
their mode of action. Vitamin B, and other factors of the B complex 
tend to increase the tone of (he intestinal musculature, and thus favor 
natural movements of evacuation. 

Reliance upon medicines to ensure regular bowel movements should 
be avoided, for the intestinal musculature tends to become tolerant 
to their use and requires a gradual increase in dosage. Hygienic meas- 
ures, diet, exercise, and habit should be depended upon whenever 
possible. 

The sensOiDity of the alimentary canal. The mucosa of the gastro- 
intestinal tract for the greater part of its length is insensitive (o the 

’’ Ttie term to^iativr implies so spent with s tnSder tiimulstlng setkm thsn eilher 
• calkarile or a purgative. 



ABSORPTION FROM THE INTESTINAL TRACT 347 

several forms of stimulation that arouse sensations from the skin, such 
as touch, cold and warmth, ahd pressure. This is not surprising, for 
this part of the body is never exposed to these types of stimulus, and 
has therefore not developed end organs that can respond to them. 
Pain is aroused by stretching the intestinal wall, but not by cutting, 
burning, or crushing. Thus distention of the stomach or intestine may 
cause intense pain as a result of stretching of nerve fibers in their 
walls. In disease, pain is often felt, not in the diseased organ itself, but 
in some part more or less remote Thus in angina pectoris (Chap. 4) 
pain is felt in the left shoulder and arm, and even in the fingers or jaw 
of the same side, and occasionally in the right arm. This is called re- 
jerred pain and has been explained upon the fact that the organ and 
the part in which the pain is felt have developed from closely asso- 
ciated embryonic structures, and, in the adult, nerves supplying them 
cany impulses to the same segment of the spinal cord from where they 
are relayed to consciousness The pam is therefore projected to the part 
that receives its sensory nerve supply from this segment of the spinal 
cord. In other words, it is interpreted as being located in the part from 
which impulses of pain would normally arrive 

The only parts of the alimentary canal from which sensations of 
touch, warmth, and cold can be aroused are the mouth, pharynx, and 
anal canal, though extremes of heat and cold can be appreciated in 
the esophagus and, according to some, even m the stomach. Common 
experience may seem to contradict the statement that warmth is not 
felt in the stomach, but the sensation aroused by warm food or drink 
is attributed to the conduction of heat through the abdominal wall to 
stimulate end organs in the overlying skin. 

Hunger and appetite. Though we have often experienced both ap- 
petite and hunger, it is possible to describe these sensations only in 
the vaguest terms. Appetite, though closely associated with hunger, 
differs from the latter m that it depends upon pleasurable memories 
of the taste and smell of food Extraneous factors such as the sight of 
food and pleasant appurtenances of the meal also influence appetite 
(p. 311). Conditioned responses enter largely into its make-up. It is 
psychological rather than, like hunger, physiological. A newborn babe 
no doubt feels hunger but probably does not know appetite. Yet ap- 
petite is whetted by hunger and has, therefore, a physiological ele- 
ment; it is influenced by the tone and general state of the stomach. 
This is evidenced by the stimulating effect of an alcoholic drink taken 
before a meal and the increased appetite which follows the first few 
mouthfuls of a meal. 
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Fig 8 37 A tracing of the contractiona of the stomach m hunger 


Obviously, the sensation of hunger serves a protective function, for 
It controls the food intake Its ongin has a local (gastrointestinal) as 
well as a general (metabolic or blood composition) basis Emptiness 
or fullness of the stomach and the state of its wall are potent factors 
influencing hunger, as is also the presence or absence of food products 
in the duodenum We have all experienced that “gone” or empty feel- 
ing m the pit of the stomach when a meal has been long postponed 
It is hard to say whether this arises m the stomach or the duodenum 
Spasms of pain — the pangs of hunger — may occur These are caused 
by contractions of the stomach and have been graphically recorded m 
man by Carlson by means of a balloon passed into the stomach and 
connected by tubing with a recording apparatus (Figs 8 37 and 8 38) 
But gastric factors are incidental rather than primary, the funda- 
mental cause of hunger is general or metabolic rather than local A 
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low level of blood sugar (glucose) has been thought to be an impor- 
tant factor in its causation. This theoiy, however, does not accord with 
the excessive hunger characteristic of diabetes in which the blood 
sugar is above normal. It is more probable that the general or meta- 
bolic factor is a slow rate of glucose utilization by the tissues rather 
than the blood-sugar level itself. Thus during fasting, as the blood 
sugar falls and the rate of glucose utilization by the tissues is slowed, 
and in diabetes, though the blood sugar is above normal, glucose 
utilization is also reduced. This, which is known as the glucostatic 
theory of hunger, reconciles two otherwise irreconcilable factors. The 
actual control of food intake devolves upon a center in the brain (cer- 
tain hypothalamic nuclei) whose cells, like those of other tissues of 
the body, will be subjected to changes in the rate at which glucose is 
used. It is postulated that a fall in glucose utilization by the cells of 
this “feeding center” arouses the urge to increase the food mtake The 
responsive hypothalamic cells have been named glucoreceptors. There 
is experimental evidence to support this conception of the hunger 
mechanism. A lesion suitably placed in the hypothalamus of animals 
is followed by an increase in the food mtake The opposite effect — 
reduction in the food intake — is caused by an injury placed in another 
but near-by part of the hypothalamus Furthermore, it has been recog- 
nized for many years that in man disease involving this or neighboring 
regions of the brain may be associated with excessive hunger or with 
a pathological absence of hunger. 

Thirst. Like hunger, thirst serves a protective function. It is nature’s 
signal to replenish the body’s water supplies. This sensation is referred 
to the pharynx, and is caused by the stimulation of sensory nerves in 
this situation. There has been much discussion as to whether the under- 
lying cause of thirst is local — drying of the mucous membranes of the 
mouth and pharynx — or of a more general nature. Drying of the oral 
and pharyngeal mucous membranes is certainly conducive to thirst. 
But, if one is really thirsty, washing out the mouth or even gargling 
has little effect in allaying the sensation. Blood composition, probably 
the osmotfe pressure of the plasma, seems to be the essential factor 
concerned. It seems likely that cells (osmoreceptors) in the hypo- 
thalamus are sensitive to changes in the osmotic pressure of the blood. 
We have seen that such receptors arc part of the mechanism controlling 
the water output (see Chap. 7). It is a reasonable supposition that 
they also govern the water intake. 



CHAPTER 



Metabolism and Nutrition 


Metabolism is a general term applied to the various chemical proc* 
esses, whatever their nature, taking place in living tissues— c g., the 
oxidation of food materials with the liberation of energy; the decompo- 
sition of compounds Into more elementary principles; the chemical 
transformation of one material into another; and the synthesis of com- 
plex compounds from others of simpler constitution, as in the processes 
of tissue repair and growth, or in the manufacture of internal secretions 
and enzymes. Reactions involving decompositions are embraced by 
the term catabolism: those of a ^thetic nature are referred to as 
anabolism. 

Though some of the reactions taking place in the body are accom- 
panied by the absorption of heat (endothermic reactions), in the great 
majority (e.g, oxidations) heat is evolved (exothermic reactions). 
The sum total of all the chemical reactions occurring in the body is 
referred to as general metabolism, and is expressed in terms of beat 
given out by the body in a given time. *^056 chemical changes, 
whether of a catabolic or an anabolic nature, which a particular sub- 
stance (e.g., carbohydrate, fat, protein, purine, calcium, etc.) under- 
goes in the body are referred to as special metabolism. 


General Metabolism 

The sun is the source of all energy on the earth. Plant life through its 
possession of the green coloring matter, chlorophyll, is capable of 
utilizing the energy of sunlight to form carbohydrate material from the 
carbon dioxide of the atmosphere and water drawn from the soil. This 
p^css is called photosynthesis. The animal body, of course, cannot 
make direct use of solar energy; it must depend upon the energy stored 
by the plant or upon that provided by the tissues of other animals. The 
food — fat, carbohydrate, and protein— derived from either of these 
350 
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sources therefore represents stored or potential energy. The carbon 
and hydrogen of the food, after absorption from the intestinal tract, 
are oxidized in the tissues (Chap. 6). Energy is liberated thereby for 
muscular activity and for maintaining the vital functions — e.g., the 
action of the heart, the movements of the gastrointestinal tract, the 
excitability of nervous tissues, etc. Thus, the vanous foodstuffs are to 
the body as fuel is to an engine; they represent a certain amount of 
potential energy which the body can convert to other forms of energy 
— mechanical, electrical, chemical, and thermal. 

When the body is at rest — that is, when no external work is being 
performed — the energy liberated from food materials appears ulti- 
mately as heat. A heat unit, the large Calorie,' is therefore employed 
as a measure of the energy liberated in the animal body. A Calorie 
is defined as the quantity of heat required to raise a kilogram of water 
from 15® to 16® C. Of the energy expended during muscular exercise, 
as in lifting a weight, walking, etc., about 30 percent appears as work, 
the remaining 70 percent is converted to heat. 

Antoine Lavoisier (1743-1794), the celebrated French scientist of 
the eighteenth century, pioneered in the field of metabolism. He estab- 
lished the crucial fact that the heat produced by a burning candle and 
that generated by the body were fundamentally similar processes. He 
showed that the body burned (oxidized) the food, the carbon being 
converted to carbon dioxide (CO,) and the hydrogen to water (H,0). 
He devised an ice calorimeter calculating the heat produced by the 
candle flame and that given out by the b^y of a small animal (e.g., 
a mouse) from the weight of ice which had melted during tho period 
of the experiment. He came to but one false conclusion — namely, that 
the oxidation of the food with the production of carbon dioxide and 
water occurred in the lungs. We know now, of course, that it occurs in 
the cells of all tissues, a process which is known as internal respiration. 

The law of the conservation of energy stales that, though one form 
of energy is convertible into any other form, the sum total of the energy 
in the universe remains constant — energy cannot be created or de- 
stroyed. This law holds true for the animal body. That is to say, a 
given quantity of food when completely oxidized in the tissues yields 
its entire store of potential energy to the body — the energy intake 
balances the energy output, as measui^ by the heat produced and the 
work performed. 

1 ■^e larp Calorie used m physiology u written with a capital C to distinguish It 
troffl the small calone used m the physical laboratory, which Is the quantity of heat 
required to nus^/ gram of water from 15* C to 16* C 
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The food may not be completely oxidized in the body; a part may 
be stored, or, as with protein (pp. 353 and 363), a part resists oxida- 
tion and is excreted. Nevertheless, an energy balance can be struck, if 
any gain in weight is noted (stored energy) and the quantity of un- 
oxidized residue of protein food in the urine is determined. 

Energy is stored in the adult body as carbohydrate (glycogen) and 
fat, mamly the latter, whenever the food intake exceeds the energy 



Fig 9 1 The bomb calonmeler A, a 
platinum dish upon which is placed the 
sample of food, B, bomb filled with oxy- 
gen. C, vessel holding water in which 
bomb IS immersed, D, double-wailed in- 
sulating jacket, E, fuse which can be 
Ignited by an electnc spark; F, water 
stirrer tuned by a motor. M, O, ther- 
mometer, H, electric wires forJgmtion of 
fuse (Courtesy of Emerson Apparatus 
Company. Boston, Mass.) 


needs of the body — that is, when the energy of the food is not all ex- 
pended in maintaining the vital processes, or in performing muscular 
work. This is by far the commonest cause of overweight (obesity). 
This store of energy, in the form of fat and carbohydrate, is readily 
available and will be drawn upon should the energy value of the diet 
at any time fall below the body’s energy requirements. During a pro- 
longed period of fasting, after the stores of glycogen and fat have ^en 
drawn upon and exhausted, the protein of the tissues is utilized to 
furnish energy. 

In the growing body, a part of the food not used to furnish energy 
is converted to new tissue with a resulting increase in weight. 
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ITie bomb calorimefcr. The potential energy of a foodstuff is deter- 
mined by measuring the heat evolved when it is burned in an instru- 
ment known as a bomb calorimeter (see Fig 9.1). The heat generated 
by the animal body may be determined in a manner identical in prin- 
ciple. Now, the quantity of heat liberated by 1 gram of carbohydrate 
or fat is the same whether the material is metabolized in the body or 
burned in the bomb calorimeter; 4.1 Calories are generated in the 
oxidation of 1 gram of carbohydrate, 9.3 Calories in the oxidation of 
1 gram of fat. Protein, on the other hand, does not undergo com- 
plete combustion in the body. The nitrogenous part of the molecule 
resists oxidation and is excreted in the urine, mainly as urea (p. 363). 
A gram of protein, therefore, evolves less heat when catabolized than 
when burned outside the body In the latter instance, 5.3 Calories are 
generated, in the former only 4.1, 

Animal calorimetry. The heat generated by the body may be meas- 
ured directly — direct calorimetry. The animal is placed in a closed 
chamber with double insulated walls; coils of copper tubing, through 
which water is circulated, are situated on the inner walls of the cham- 
ber; thus the heat given out by the animal Is absorbed. The temperature 
of the water as It enters and leaves the chamber is recorded by ther- 
mometers. 

The rise in temperature of the water in degrees centigrade, during 
the period of observation, multiplied by the total volume of water in 
kilograms which has passed through the chamber in that time, gives 
in Calories the heat given off by the animal. A few calorimeters of this 
type have been constructed for metabolic experiments on man, but 
their great expense precludes their general use. Indirect calorimetric 
methods are therefore employed almost entirely in metabolism studies 
upon the human subject. 

Indirect calorimetry. We have seen that when carbohydrate under- 
goes combustion in the body, the carbon is oxidized to carbon dioxide 
(CO») and the hydrogen to water (H-O). Thus: 

-f 60j = 6COj + 6HiO 
glucose carbon water 

(bccude 

The body, therefore, reverses the reaction carried out by the green 
plant which, as already stated, synthesizes carbohydrate from carbon 
dioxide and water. In the complete oxidation of a given weight of car- 
bohydrate, whether in air or in the tissues of the body, the quantity 
of oxygen used and of carbon dioxide produced have definite and con- 
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Slant values. It is also known that for every 1000 cc of oxygen con- 
sumed when carbohydrate is the material oxidized, 5.047 Calories of 
heat are evolved. That is to say, there is a constant relationship between 
the volume of oxygen consumed and the quantity of heat evolved. It 
is evident, therefore, that the heat production of an animal subsisting 
upon carbohydrate food could be determined, provided that the quan- 
tity of oxygen consumed by the animal were known. The relationship 
between the oxygen consumption and the heat production varies, 
however, with the type of food undergoing combustion. Carbohy- 
drate material as compared with fat is relatively rich in oxygen. Thus, 
CjHjfCiiHsiOj)* is the formula for triolein, a common fat. More oxy- 
gen must therefore be supplied from a source outside the food itself 
for the complete oxidation of the carbon and hydrogen in fat than 
for the oxidation of these elements in an equal quantity of carbohy- 
drate. The consumption of 1000 cc of oxygen, when fat is oxidized, 
is accompanied, therefore, by a smaller heat production — namely, 
4.686 Calories as compared with the figure (5.047) given above for 
carbohydrate. The corresponding value for protein is 4.485 Calories. 
These values are termed the heat equivalents of the foodstuffs. 

Id order, therefore, to calculate the heat production of the body 
from the oxygen consumption, one must know the nature of the food 
mixture (the proportions of carbohydrate, fat, and protein) which is 
being metabolized, TTiis information is obtained from the respiratory 
quotient, which will now be explained. 

The respiratory quotient. The volume of carbon dioxide eliminated 
by the body during a given time, over the volume of oxygen absorbed, 
is called the respiratory quotient (R.Q,). Thus: 

Vol. COj eliminated „ ^ 

Vol. O, absorbed “ 

From the equation given on page 353 it will be seen that, when the 
food undergoing combustion is carbohydrate, the volume of carbon di- 
oxide eliminated and of oxygen absorbed is equal. When, for example, 
100 grams of glucose are oxidized, 75 liters of oxygen are absorbed and 
75 liters of carbon dioxide produced. The R.Q. is, therefore, ^ 1. 

In the complete combustion of fat, which is relatively poor in oxygen, 
the volume of oxygen used (200 liters per 100 grams) is greater than 
the volume of carbon dioxide produced (142 liters per 100 grams). 
The R.O. is, therefore, =) 0.71. The respiratory quotient for 
protein is 0.80 and for alcohol, 0.67. 

On an ordinary mixed diet, the R.Q. o! the human subject is around 
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Tabfe 9<I 

(After Zuntz and Schumberg, modified by Lusk) 



Calories per 

Calories derived from 

liter O, 

Carbohydrate 

Fat 

0.707 

4.686 

percent 

0 

percent 

100 

0.71 

4.690 


98.9 

0.72 

4.702 

4.76 

95 2 

0.73 

4.714 


91.6 

0.74 

4.727 


88.0 

0.75 

4 739 

15.6 

84.4 

0,76 

4.751 

19.2 

80.8 

0.77 

4.764 

22.8 

77.2 

0.78 

4.776 

26.3 

73.7 

0.79 

4 788 

29.9 

70.1 

0.80 

4.801 

33.4 

66.6 

0.81 

4.813 

36.9 

63.1 

0.82 

4.825 

40.3 

59.7 

0.83 

4.838 

43.8 

56.2 

0.84 



52.8 

0.85 

4.862 


49.3 

0.86 

4.875 

54.1 

-45.9 

0 87 

4.887 

57.5 

42.5 

0.88 

4.899 

60.8 

39.2 

0.89 

4.911 


35.8 

0 90 

4.924 


32.S 

091 

4.936 


29.2 

0.92 

4.948 


25.9 

0.93 

4.961 

77.4 

22.6 

0.94 

4.973 


19.3 

0.95 

4 985 



0.96 

4.998 


12.8 

0.97 

5.010 


9.58 

0.98 

5 022 


6.37 

0 99 

5,035 

96.8 

3.18 

1.00 

5.047 

100.0 

0 
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0.85. After fasting for 12 hours, it has a value of 0 82. When, as in 
the fattening of farm animals, fat is being formed from carbohydrate 
— that is, an oxygen-rich material is being transformed into one poor 
in oxygen — the R.Q. rises above 1, The heat equivalents of a liter of 
oxygen at different respiratory' quotients are given in Table 9-1. 

"nie respiratory quotients given in this table arc for mixtures of fat 
and carbohydrate only (nonprotein respiratory quotients). For very 
precise work, the Calories derived from the metabolism of protein are 
calculated separately from the quantity of nitrogen excreted in the 
urine. But, as a matter of fact, only a negligible error is introduced 
when the figures in the table are used for calculating the heat produc- 
tion — that IS, without any attention being paid to the protein metab- 
olism. 

The basal metabolic rate (B.M.R.). The heat production of the hu- 
man body at its lowest possible level in the waking state is called the 
basal metabolism or the basal metabolic rate (B M.R.). In its deter- 
mination, all conditions which have a stimulating effect upon heat 
production must be eliminated It is measured, therefore, 12 hours 
after the last meal (usually in the morning without breakfast) with the 
subject lying down at complete physical and mental rest, and at a room 
temperature of about 20® C. No strenuous muscular etenlon should 
be undertaken for 24 hours prior to the determination. The B.M R. 
is usually expressed in Calones per square meter of body surface per 
hour * It may be determined from either the quantity of carbon dioxide 
eliminated, or from the quantity of oxygen consumed over a known 
period of lime; but the figure for the latter is now most commonly em- 
ployed (see Fig. 9.2) Tbe heat value of a liter of oxygen for various 

* In the early investigations of metabolic problems, it was the practice lo express 
the heat production of the body in relation to its weight — that is. In Calories per 
kitogram of body weight per hour But ll was soon found that the surface area of the 
body rather than ns weisht was the determining factor in heat production Heat ii 
lost from the surface of the body (p 377) and in order lo maintain a constant body 
temperature, must be balanced by heat production The greater the surface area of 
the body the greater is the amount of heai which ts dissipated Now small animals, 
such as mice. rats, etc , which have a much greater surface area in proportion to their 
weight than have larger animals, such as dogs, cattle horses, etc (just as a marble 
has in relation to its mass a much greater surface than a baseball), have a corre- 
spondingly greater heat production on a body weight basts than have the larger 
animals When, however, the heat generated ts calculated and expressed in relation 
to the surface area of the body, it is found to be approximately the same for mam* 
mats of all sizes under comparable conditions Thus the heal production of a mouse 
is around 27 Calories per kilogram of body weighl per hour, while that of a man is 
only about 1 1 Calone per kilogram per hour But both have a heat production of 
around 40 Calones per square meter of body surface per hour (Of course, the area 
of the mouse’s body amounts to only a very smalt fraction of a square meter and 
the ebfoUtie quantity of heal given out is Tclatisely minute ) 
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metabolic mixtures (carbohydrate and fat), as indicated by the res- 
piratory quotients, is given in Table 9-1. As a rule, the R.Q. is not 
actually determined, but is taken to be 0.82, for this is its value after 
fasting for 12 hours, under which conditions, as just stated, the 
B.M R is determined. 


!9!l9IIBK!IBHSIiSlliSliaiaB 
nKKilSUi9|IB!IB!iSiinH 

■aiaK*aiiB«Byr 

vaBusasBiBii 


Fig 9 3 Du Bom’ chart for obuming the surface area of the body ia 
square tneiers (as indicated by the slantini lines) from a subject’s 
hei|ht and weight For example, a person 170 centimeters (approxi- 
mately 5 feet 8 mches tall and wei|hiog 70 icilograms (154 pounds) has 
a surface area of 1 8 square metets. 

Sample calculation of the BMJR. from the oxygen consumption. If 
the oxygen consumption over a period of 10 minutes is 2.500 hters, 
then the hourly heat production (under the conditions defined and at 
anR.Q. of 0 82) is 2.500 X 4.825 X - 72.36 Calories. If the sub- 
ject has a surface area of say, 1.8 square meters, which is the figure for 
the average male adult, then the hourly beat production per square 
meter of body surface is: 

“ 40.2 Calones 

The surface area of the body bears a relationship to the height and 
weight and may be obtained for a given person from the chart shown 
in Figure 9.3. 

In young healthy adult males, the basal metabolic rate is around 
40 Calones per square meter of body surface per hour. It is lower in 
women and higher in children, being around 52 Calories during the 
early years, and diminishing gradually throughout life. It reaches the 
adult value at about 20 years of age; from then it declines more slowly. 
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reaching a value of around 36 CaJones in old age The heat production 
per square meter of body surface per hour for males and females of 
different ages is given in Table 9 2 

Toble 9>2 

Oxygen consumpfion (liters) and heat production (Calories) per square 
meter of body surface per hour 


Ages 

Male 

Female 

o. 

Calories 

0 

Calones 

14-15 

9 53 

45 9 

891 

42 9 

16-17 

8 91 

42 9 

8 29 

39 9 

18-19 

8 50 

409 

7 88 

37 9 

20-29 

8 19 

394 

7 67 

36 9 

30-39 

8 19 

394 

7 57 

36 4 

40-49 

798 

38 4 

7 46 

35 9 

50-59 

7 77 

37 4 

7 25 

34 9 

60-69 

7 57 

364 

7 05 

33 9 

70-79 

7 36 

35 4 

6 84 

32 9 


Note the gradual diminution m heat production with advancing years 


The physiological conditions which raise the metabolism are m«rcM- 
lar exercise, a low environmental temperature, and the ingestion of 
food, especially protein The term specific dynamic action is applied 
to this stimulatmg effect of food upon metabolism Dunng sleep the 
metabolism is lowered by about 15 percent below the basal level 
Among pathological conditions which increase the metabolism are 
hyperthyroidism (p 411) and fever (p 381), it is lowered m hypo- 
tkyrotdism (p 408), undernutrition, deficiency of the adrenal cortex 
(p 426), and m certain pituitary disorders 

The Melabolism of Protein 

Protem matenal enters largely into the composition of all types of pro 
toplasm, both of animal and vegetable ongm Among foods, meat 
(muscle), cheese, eggs, beans, and peas (legumes) are the nchest 
sources Its basic elements are carbon, hydrogen oxygen, nitrogen, 
and sulfur, and usually phosphorus Its content of the last three ele- 
ments distinguishes it from either fat or carbohydrate, which contain 
only carbon, hydrogen, and oxygen The body is dependent almost en- 
tirely upon protem for its supplies of nitrogen and sulfur, and mainlv 
for Its pbosphoras 
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The ammo adds. The protem molecule is made up of a number 
of amino acids linked togelher Some twenty three different amino 
acids have been discovered The sunplest of these is called glycmc or 
glycocol, which consists of acetic acid in which a hydrogen atom is re 
placed by an NHj group Thus 

CH, CHt-NH» 

ioOH ioOH 

acetic acid glycine 

The majority of the other amino acids are constructed upon the same 
general plan TTiey contain a fatty acid — e g , propionic, valenanic, 
caproic, succmic etc — and one or two NH* (ammo) groups An in 
complete list of the amino acids with Iheir cmpincal formulas is given 
m Table 9 3 


Table 9 3 

A partial list of the ammo ocids (see also appendix) 

Olycine (or glycocoll) CsHtNOj or ammo acetic acid 
Alanine CiHiNOj or a amino propionic acid 
•Threonine QHiNOj or o; amtno-/3 hydroxy n butync acid 
•Valine, CsHjjNOt or a ammo isovaleric acid 
•Leueme, CiHuNO; or or ammo isocaproic acid 
•Isolcucmc CiHijNOj, or a ammo 0 ethyl 0 methyl propionic acid 
Aspartvt a«d CiKtMiO, or ammo socemm acid 
Glutamic acid CtHgNOi or a ammo glularic acid 
‘Arginine, CgHuNtO; or S guanidin a ammo valenanic acid 
•Lysine CgH gN Oj or a ediamino caprotc acid 
Cystine C<HiNjS»0« ordKyslemc ordK/? thioor ammo propionic aad) 
“Methionine C»HiiSNOj or cr amino 7 methyl thiol n butync acid 
•Phenylalanine, C»HabJOj or 0 phenyl a amino propionic aad 
Tyrosine, CgHuNOj or 0 parahydroxy phenyl a ammo propionic acid 
•Tryptophane, CnH jNjOj or 0 mdole a ammo propionic acid 
•Hislidmct CiHiNjO], or a amino-0 imidazol propionic acid 

The protein molecule, being built of ammo acids linked togelher, 
possesses free COOH (acid) and NH, (basic) groups It is capable, 
therefore, of acting as a weak acid or a weak base depending upon the 
reaction of the medium m which rt ts dissolved In alkaline solution it 
behaves as a weak acid, in acid solution as a weak base In the blood 
plasma and the other body fluids (which are slightly alkaline m re- 
action), protem, acting as an acid, forms with bases compounds called 
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proteinaies. The chief base is sodium. The proteinate undergoes ioniza- 
tion (p. 12), into proteinate anions (P~) and cations (Na+, K+, etc.). 
In acid solution, protein hydrochloride, protein sulfate, etc., are 
formed, the protein then acting as a weak base. At a certain reaction 
Table 9^ 

ClossiEeafion of proteins 

Simple proteins 

Albumins— o\albumIn of egg white, serum vlbumin, lactalbumin, 
and certaia vegetable albumins 

Globulins— e.g., serum globulin, fibrinogen, vitelUn of egg yolk, and 
legumin of peas 

Glutelins — c.g., glutenin of wheat 

GUadins—c.g., gbadm of wheat, hordein of barley, and zein of maize 
Sc/eroprore/ns— e.g., keratin of hair, elastin, collagen (which yields gela- 
tin) of connective tissues 
Histones— the globin to hemoglobin 

Protamines, in spermatozoa — e g., salmine b spermatozoa of salmon 
Conjugated proteins— i e., proteins containing a nonprotein group 
Nucleoproteins, protein combined with nucleic acid (p. 366) 
Chromoproteins, protein containing a pigment group, e.g , hemoglobin 
Glycoproteins, protein containing a sugar group-~< g., mucin 
Lipoproteins, proteins whose molecule contains a fatty acid group; pres- 
ent in protoplasm of cells of various tissues including blood 
Phosphoproteins. proteins containing a phosphorus group (other than 
nucleoproteins) — e.g., casein of milk 

Derived proteins, products of the action of acids, beat, or en^mes upon 
proteins 
Metaproteins 
Coagulated proteins 
Proteoses 
Peptones 

Peptids, dipeptids, tripeptids, and polypeptids 

nearer the neutral point, ionization is reduced to zero; the protein par- 
ticles, being electrically neutral, collect together into clumps. A precip- 
itate of the protein material forms which is visible to the naked eye; 
this is called isoelectric precipitation, and the point or range of pH at 
which it occurs is known as the isoelectric point or range. The latter 
varies considerably for different proteins but is characteristic for a given 
protein- Proteins (or the constituent amino acids), on account of their 
ability to form acids or bases depending upon the H-ion concentration, 
are termed amphoteric electrolytes (Gk. ampho, both). 
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There are several proteins which contain more than 15 varieties of 
amino acids, but the assortment varies between different types of pro- 
tein. The total number of amino acids in a protein molecule may be 
200 or more. Such proteins are composed, therefore, of molecules of 
relatively enormous size. The molecules of certain other proteins, such 
as the protamines, contain much fewer amino acids and are corre- 
spondingly smaller. There is thus a very wide variation in the size of the 
molecules of the different types of protein. Egg albumin, for example, 
has a molecular weight of around 40,000, whereas the molecular 
weights of some other proteins are in the neighborhood of 200,000 or 
more. A few have a molecular weight of over a million. The shape of 
the protein molecule also vanes The molecules of some proteins such 
as the myosin of muscle and of that forming tendons and ligaments 
(collagen) are long and fiberiike m shape, while others, such as those of 
serum albumin, are globular. A short classification of proteins Is given 
in Table 9-4. 


The History of Protein in the Body 

The growth of body tissue in the young animal, and the repair of 
protein structure in the adult body are dependent upon the protein 
(amino acid) content of the diet. But since the tissue protein of a given 
animal is different m constitution from the protein of its food, the latter 
B5 a rule must be completely broken down into its separate amino acids 
before it can be utilized for building body tissue. 

The utilization of protein in the cosBtniclion of body tissue may be 
compared to the building of a number of houses of different types from 
materials obtained from the wrecking of other structures, ^ch brick 
and stone in the old buildings js separated, and then sorted and carted 
to the new sites. Some of this building material will be more suitable 
for one type of house, some more suitable for other types. Other mate- 
rials again cannot be used at all, and are therefore discarded as refuse. 
The new buildings, though constructed from materials taken from the 
old, will therefore be quite different in structure and general plan. 

From this analogy, the amino acids arc sometimes called the “build- 
ing stones” of the protein molecule. Under the action of the peptidases 
of the intestinal juice (p. 327), the protein molecule is completely 
demolished, in the sense that it is broken up into its constituent amino 
acids. The separate amino acids arc absorbed into the blood stream 
and carried therein to the tissues. Each tissue chooses those which it can 
make use of, rejecting others. 
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Those amino acids which cannot be utilized by the body are broken 
up; the carbon part of the molecule (i.c., the fatty acid group) is ox- 
idized to carbon dioxide and water* thus furnishing energy to the body 
or is converted to body fat; the nitrogen goes to form urea which is 
excreted in the urine. TTie removal of the nitrogen (amino) group from 
the amino acid molecule is called deamination: this process occurs 
chiefly in the liverr-Certain amino acids not used for the construction 
of bcdy protein may, after undergoing deamination, be converted to 
glucose which is then either oxtdi^ or stored in the liver as glycogen 
(p. 368). In diabetes the glucose formed from amino acids is largely 
excreted in the urine. The diabetic subject, therefore, continues to 
excrete sugar though he receives no sugar or other carbohydrate; even 
during fasting be continues to excrete glucose, which is then derived 
from the protein of his own tissues. 

The urea in the urine is formed mainly through the deamination of 
amino acids composing the protein of the food. Raising the protein 
content of the diet, therefore, increases the output of urea in the urine 
and vice versa. But the urea is not entirely derived from the diet; a 
small part is formed from the nitrogen released by the breakdown of 
body protein, for the tissues are constantly undergoing disintegration 
and repair. The urea of the urine is thus in part exogenous (from food) 
and partly endogenous (from body protein). Creatinine, another ni- 
trogenous constituent of the urine, is also derived from tissue protein, 
but unlike urea it is derived almost entirely from this source. Varying 
the protein of the diet, therefore, exerts little effect upon the excretion 
of creatinine. A small quantity of nitrogen, combined in various ways, 
is also eliminated from the body by passing ihrou^ the wall of the in- 
testine into the feces. 

During starvation or upon a protein-poor diet, the breakdown of 
body protein, of course, continues. The body loses nitrogen through 
the so-called "wear and tear” of tissue protein, but receives none to 
make good the loss. That is to say, the output of nitrogen in the urine 
and feces exceeds that of the food; the body is then said to be in nega- J 
tive nitrogen balance. Similarly, the nitrogen output will exceed the in- 
take, and the body will be in negative nitrogen balance, if the food pro- 
tein is inadequate in amount or of poor quality (i e., if its assortment 
of amino acids is unsuitable for repairing body protein, the nonutiliz- 
able amino acids being excreted in the urine). In the healthy adult 
receiving an adequate diet, the nitrogen excreted just balances the ni- 
trogen taken in the food — that is, the nitrogen lost as a result of the 
breakdown of tissue protein is replaced from the food; the remainder 
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of the food nitrogen is excreted The bod) is then said to be in nitrogen 
eqmhbnum 

During growth, after a penod of starvation, m pregnancy, m muscu- 
lar training, or in convalescence from some disease which has caused 
the excessive destruction of body protein, the quantity of nitrogen ex- 
creted IS less than that taken in the fo<KJ, provided the protein mtakc 
IS adequate The body is then in positive nitrogen balance In other 
words, nitrogen is retained for the construction of body tissue 

The ‘ wear and tear quota of protem metabolism is reduced by car 
bohydrate food For example the nitrogen excretion is considerably 
less on a diet containing carbohydrate but no protem, than m starva- 
tion The carbohydrate diminishes the breakdown of tissue protein 
This IS spoken of as the sparing effect of carbohydrate upon protein 
metabolism 

We have seen that only part of the protein molecule can be oxidized 
in the body and thus provide energy Civilized man cannot subsist on 
protein food alone because he cannot eat and digest enough to supply 
the required energy One gram of protein furnishes 4 1 Calories A man 
of average size has a daily energy expenditure under basal conditions 
of about 1400 Calories, and between 2500 and 3000 Calones when 
engaged in light occupation Now. lean meat is about 20 percent pure 
protem Therefore about 


1400 too 

41 ^ 20 


1700 grams 


or nearly 4 pounds of meat would need to be eaten daily, in order to 
obtain from protein the energy required by the body, even at rest 
From three to four times this amount of meat would be required to 
furnish the energy for heavy work On the other hand, a carnivorous 
ammal such as the dog which has an energy expenditure of some 600 
Calones, can consume 2 or 3 pounds of meat in a few minutes, and can 
therefore derive its total caloric rcquirctncut from such food The Eski 
mos are also accustomed to the consumption of relatively enormous 
quantities of meat and fat 

The essential ammo acids and the relative nutritional values of dif- 
ferent proteins. An essential or indispensable amino acid may be de 
fined as one which must be present m the diet m order that the growth 
of young animals may proceed normally, and that the health of both 
young and old animals be maintained Ina sense, probably all the ammo 
acids arc essential in one way or another for nutntion, but some (e g , 
glycine) can be synthesized la the body or formed from others fur 



THE HISTORY OP PROTEIN IN THE BODY 365 


lUshed in the diet. It is not necessary, therefore, that such amino acids 
shall themselves be present in the food. There are ten essential amino 
acids; they are marked with an asterisk in Table 9-3 on page 360. 

Proteins are not all of equal value in nutrition, for the reason that 
the various types differ widely in their amino-acid constitution. Those 
which possess an amino-acid assortment most closely resembling that 
of the body’s proteins have the highest nutritive value. Generally speak- 

Tabte 9-5 


Character of proteins in some common foods 


Food 

Chief proteins 
present 

Amino-acid constitution 

Milk and cheese 

j Casein 

Complete, but low in cystine 

[Lactalbumin 

Complete 

Com (maize) . . . 

Zein 

Lacks lysine and tryptophane and 



is low m cystine 

Eggs 

1 Ovalbumin 

Complete 

i Ovovitellme 

Complete 

Meat 

j Albumin 

Complete 

1 Myosin 

Complete 

Peas 1 

Legumin 

Incomplete, low In cystine 

Wheat 

JGliadm 

Incomplete lacks lysine 

[Glutenin 

Complete 

Gelatin 1 

Gelatin 

Incomplete, lacking tryptophane 

1 


and tyrosine; very low in cys- 
tme 


In part from M. S Rose, Foundations of Nutrition. 


ing, and as might be expected, these are of animal origin — for instance, 
the proteins of milk, eggs, and meat. Some proteins, such as gelatin 
and zein (in maize) are incomplete — that is, they lack certain amino 
acids which are essential for growth and for the maintenance of nitro- 
gen equilibrium in the adult. Others, such as gliadin (In wheat), hor- 
dein (in barley), and legumin (in peas), will serve to repair body pro- 
tein in the adult but w^ not support growth, since they lack certain 
essential amino acids or contain them in insufficient amounts. Young 
animals which receive one or other of these as their sole protein fail to 
grow. Wheat, peas, and barley, however, contain other proteins which 
make good the amino-acid deficienci^ of those which are incomplete 
(see Table 9-5). Lactalbumin of milk, and ovalbumin of egg white, 
the proteins of meat, and glutenin (of wheat) contain all the essen- 
tial amino acids. 
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Purine Metabolism 

Uric acid (C»H*NtO,), a mlrogenous compound present m normal 
unne and blood, is a purine denvative Punncs arc constitutents of nu 
cleic acid and this, m turn, is found in the body combined with protein 
the compound being called micleoprotein Nucleoprotem is present in 
the nuclei of cells generally, and such tissues as those of thymus liver 
kidney pancreas and other glandular stuctures arc particularly rich 
in this matenal Viruses are now thought to be composed of nucleopro- 
tem 

Nucleic acid is constituted of four compounds called nucleotides A 
nucleotide contains a molecule each of phosphoric acid the pentose 
ribose (a sugar with 5 carbon atoms and 5 H,0 molecules), and a 
purine (adenine or guanine) or a pyrimidine group The nucleopro- 
tem of food IS broken down by intestinal enzymes into protem and 
nucleic acid The latter is split into its constituent nucleotides by an 
enzyme in the intestinal juice called nuclease The nucleotides are ab 
sorbed and through the actions of specific tissue enzymes are broken 
into their components Prosphonc acid is first removed leaving a 
pentose purine (or pynmidine) compound called a nucleoside The 
sugar IS then split off The fate of the punne denvatives adenine 
and guanine only need concern us here These as a result of deamma 
tion (splitung off of NH,) and oxidation by tissue en^es give rise 
to unc acid 

Unc acvd IS ot tspecval mtertst because m gout, a painful asthntic 
condition its excretion is reduced and its concentration in the blood 
increased Unc acid in the form of crystals of sodium urate is de 
posited in the tissues surrounding the aflecicd joint Meats such as liver 
sweetbreads kidney etc which are neb in nuclear matenal and con 
sequcntly m nucleic acid tend therefore to aggravate the symptoms 
of gout 

The ongm of unc acid is bnefly summarized in the following scheme 
nucleoproletn 



line ac d 



CARBOHYDRATE METABOLJSM 367 


Carbohydrate Metabolism 

Classification of the carbohydrates. Carbohydrates (sugars, starches, 
etc.) are composed of carbon, hydrogen, and oxygen. The last two ele- 
ments are present in the same proportions as in water (HjO). Thus, 
the three sugars, glucose (or dextrose), fructose (or levulose), and 
galactose, contain six molecules of water and six atoms of carbon, as 
shown by their formula, CiH,tO.. These sugars are dierefore called 
hexoses (Gk. hex, six). Though they have a common empirical for- 
mula — ^i e., the same number of each type of atom — ^the positions of the 
atoms in the molecule differ. The structural formulas of glucose, fruc- 
tose, and galactose are given belowforcompanson. 


H— i— OH 

CH,OH 

CHO 

H-i— OH 

HO— <!: 

1 H-(!>-0H 

HO-i— H ' 

* HO— (!:— H 

HO-i— H 

H— i-OH 

H— i-OHC 

X 

1 

H-C 

H— i:-OH 

h-<!:— OH 

1 

(!:h,oh 

I:h, — 

CHtOH 

glucow 

fructose 

lactose 


Glucose is found in fruits and in the blood and tissues of animals 
Fructose is the chief sugar of honey. Galactose is present, as a compo- 
nent of the disaccharide lactose, in milk, being combined in the mole- 
cule with glucose. It is also found as a constituent of certain fai^ com- 
pounds in brain tissue. Other much less common sugars have molecules 
containing seven, five, four, three, or two carbon atoms and a corre- 
sponding number of water molecules. Employing Greek prefixes, they 
are called heptoses, pentoses, tetroses, Irioses, and dioses, respectively. 
Thus a heptose is represented by the formula CtHhOt, a pentose by 
C#H,oOg, a tetrose by C4H.O4, and so on. Octoses, nonoses, and de- 
coses, though not known in nature, have been prepared in the labora- 
tory. 

Sugars belonging to the class just outlined are called monosaccha- 
rides, and may be represented 1^ the general formula Ci(HjO)», in 
which n has the value 2, 3, 4, 5, 6, 7, and so forth. 

Disaccharides are sugars composed of two monosaccharide mole- 
cules less a molecule of water. Sucrose (cane, beet, and maple sugars). 
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maltose (sugar of malt), and lactose (sugar of milk) belong to this 
group Though a disacchande may be made up of other monosaccba- 
ndes, these three, which are unportant food elements and, therefore, 
of physiological interest, consist of hexoses either of the same or of 
different kinds Their fonnula is CtiHwOn They are split (hydro- 
lyzed) mto their constituent monosacchandes by the actions of spe- 
cific enzymes m the intestine Thus — 

C„HmO„ + H,0 = 2GH«0, 

Sucrose is hydrolyzed mto a molecule each of glucose and fructose,* 
maltose mto two molecules of glucose, and lactose mto glucose and 
galactose 

Volysacchandes are made up of a large number of monosaccharide 
molecules which may be either pentoses or hexoses, less water The 
polysaccharides of physiological importance — namely, the vegetable 
starches glycogen (‘animal starch**), cellulose, and dexinns — are 
constituted of glucose molecules, and are therefore given the general 
fonnula of (C«H,oO«), Upon hydrolysis they yield glucose 
The history o! carbohydrate in the body. Glycogen was discovered 
by the great French physiologist, Claude Bernard, in 1857 It is found 
m traces in most tissues of the body and in fairly large amounts in liver 
and muscle Muscle may contain any amount of glycogen between 
0 10 and 1 0 percent of fresh tissue Since approximately one half the 
total weight of our bodies is muscle, it will be appreciated that the total 
quantity of muscle glycogen is vciy considerable The liver often con 
tains as much as 1 0 or 1 5 percent of its wet weight of glycogen and, 
though It makes up only about 3 percent of the body weight, its total 
glycogen content is comparable with that of the muscular tissues 
Glucose is found m all body tissues, blood contains approximately 
0 1 percent but there is considerable variation in the amount in health 
as well as in disease It is the most important single carbohydrate with 
which we have to deal in physiology As such it can be used as food, 
passing unchanged from the small intestine into the blood while com- 
plex carbohydrates, such as the disacchandes and polysaccharides 
(starches and glycogen) , must first be hydrolyzed into glucose or other 
hexoses before they can be absorbed m significant amounts 

Glucose (aswell as fructose and galactose) passes from the intestine 
into the blood of the portal vein, and is deposited in the liver as glyco- 
gen The conversion of glucose to glycogen is a specific function of the 
liver cells, and is termed glycogenesa (literally, glycogen formation) 

■ The mature « cilled Invert tugar 
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The glucose in the blood is maintained at a fairly constant level by 
the reconversion of glycogen to glucose, which is then discharged into 
the general circulation. This process is termed glycogenolysis (literally, 
glycogen breakdown) . 

Muscle glycogen is derived from the glucose of the blood. During 
muscular contraction, energy is furnished mainly by carbohydrates; 
the muscle glycogen breaks down into its constituent glucose mole- 
cules. Lactic acid, which is ultimately produced, is in part resynthe- 
sized to glycogen and in part oxidized to carbon dioxide and water (see 
Chap. 11). Lactic acid, as well as the three hexoses — glucose, fruc- 
tose, and galactose — is, therefore, a glycogen former. A part of the 
lactic acid produced diffuses into the blood and is deposited as glyco- 
gen in the liver, as well as in the heart muscle and certain other tis- 
sues. Glucose is also formed from the amino acids of food protein; in 
starvation or upon a protein-free diet, it is produced from body pro- 
tein. This process is carried out in the liver, and is termed gluconeo- 
genesis (literally, the new formation of sugar). There has been some 
question in the past whether sugar could be formed from fat, but it 
is now accepted by most authorities on carbohydrates that the conver- 
sion does occur. 

The carbohydrate cycle just outiined may be represented in the fol- 
lowing scheme. 



Oxidation of carbohydrate. While it appears probable that glucose 
is the only sugar oxidized directly in the tissue ce^, there may be some 
utilization of fructose in this manner (see p. 367). 
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Diabetes and the action of insulin. Insulin, the antidiabcUc honnone, 
is produced in the pancreas*, when this gland is completely removed 
from animals, a condition known as pancreatic diabetes rapidly de- 
velops. This is characterized by a high blood sugar (0.2-0.5 percent, 
as compared with the normal of 0.1 percent) and the excretion of 
sugar in the urine. The extent of the increase of blood glucose {hyper- 
glycemta), and of the loss of glucose in the urine (glucosuria or glyco- 
suria) is proportional to the carbohydrate content of the diet, but even 
on a diet composed entirely of protein, or during fasting, the depan- 
creatized animal excretes a considerable amount of sugar. The glu- 
cose reserves of the body (c.g., liver glycogen) are rapidly lost Sugar 
is then made from tissue protein, the animal losing weight as a result. 
The fat depots are also called upon; the fat may be oxidized directly 
or first converted to glucose. At any rate, the increased rate of break- 
down of fat results m the accumulation of ketone bodies in the blood 
(ketosis) andunne (ketonuria). 

The ketone bodies are ^-hydroj^butyric and aceloacetic acids and 
acetone. The two organic acids arc normal intermediate products in 
the metabolism of fat, /S-hydroxybuiyric acid being derived, through 
oxidation, from acetoacetic. Both adds are present in the body in 
health though only m small amounts, acetoacetic acid undergoing al- 
most complete oxidation to carbon dioxide and water. When, on the 
other hand, the metabolism of carbohydrate is defective, as in diabetes, 
for some reason not altogether clear, excessive quantities of fat are 
metabolized; acetoacetic acid is formed in such large amounts that 
it cannot be completely oxidized. It and p-hydroxybutyric acid accumu- 
late in the blood and tissues, and are responsible for the acidosis and 
coma of diabetes. Acetoacetic acid is believed to be an especially toxic 
product. In diabetes, it is converted, through the loss of a molecule 
of carbon dioxide, to acetone, a volatile substance with a character- 
istic odor. Acetone is exhaled in the breath and excreted in the urine. 

All the signs and symptoms seen in animals following removal of 
the pancreas ate seen in human diabetes mellitus which, in most in- 
stances. is the result of disease of the islets of Langerhans in the pan- 
creas. These structures are solely responsible for the body’s supply of 
insulin They can be seen in a section of the pancreas as small groups 
of cells lying here and there between the pancreatic alveoU which se- 
crete the pancreatic juice (Fig. 8.24, p. 323). In diabetes there is also 
an accumulation in ie blood of neutral fat in the form of microscopic 
particles called chylomicrons. TWs phenomenon is known as lipemia. 

The disturbances of carbohydrate metabolism characteristic of the 
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diabetic state may be explained on the basis of ( 1 ) failure of utilization 
(oxidation) of carbohydrate or (2) abnormal rate of production of 
sugar from noncarbohydrate sources. The results of modem research 
favor the second alternative. 

The discovery of insulin has not solved the problem of the cause of 
diabetes, but has provided an effective means of treating the disease. 
It has also furnished a most valuable “tool” for studying carbohydrate 
metabolism. Insulin administered subcutaneously or intravenously 
eliminates all the signs of diabetes in experimental animals or in hu- 
man patients. Its action is to promote the storage of glycogen in muscles 
and liver, to depress the wasteful new production of sugar in the liver, 
and to increase the oxidation of carbohydrate. The hyperglycemia and 
glucosuria disappear. Ketosis is eliminated. The rapid loss of body tis- 
sues is checked. 

Insulin has now been prepared in crystalline form; it is a protein 
containing eight or more amino acids. The highly purified insulin is 
absorbed quickly, when administered subcutaneously, and efforts have 
been made to lengthen the period of absorption — i.e.. to prolong its 
action. The most satisfactory preparation thus far developed for this 
purpose is protamine zinc insulin, which is made by adding protamine 
and zinc to insulin Protamine is a simple protein obtained from fish 
sperm (see Table 9-4). 

While a deficiency of insulin causes diabetes, overproduction is re- 
sponsible for clinical condition called hypm'nsuUmsm The outstand- 
ing features of this disease are a low blood sugar (hypoglycemia) ^ and 
the symptoms incident thereto. A similar condition may result from 
an overdose of insulin. The signs of hypoglycemia are neuromuscular 
hyperexcitability and hunger. If the blood sugar continues to fall, the 
excitability increases, leading to involuntary twitching of muscles, and 
later to generalized convulsions. Glucose is the best antidote for an ex- 
cess of insulin. Other carbohydrates are effective in proportion to their 
ability to form glucose. 

Other hormones and carbohydrate metabolism. The influence upon 
carbohydrate metabolism of certain hormones of the anterior lobe of 
the pituitary is dealt with on page 435, and of thyroxine and the hor- 
mones of the adrenal gland on pages 41 1 and 427, respectively. 

These several hormones constitute a complex, but delicately bal- 
anced mechanism whereby the metabolism of carbohydrate is regu- 
lated. The various phases of, and the ceaseless changes in carbohydrate 
metabolism — the utilization of g[uc(^ by the tissues, the formation 
and storage of glycogen and its breakdown to glucose, and the new 



372 METABOLISM AND NUTRITION 


formation of glucose from protein and fat — all come under the in 
fluence of one or more of the hormones mentioned Due to their re 
ciprocal actions the sugar of the blood and other body fluids is mam 
tamed at an approximately constant concentration 

The nervous system and <iarbokydraie metabolism In 1855 Claude 
Bernard showed that injury to the brain which involved the pons and 
the cerebellum as well as the floor of the fourth ventncle produced 
hyperglycemia and glucosuna It appears probable that these lesions 
set up nerve impulses which caused the breakdown of liver glycogen 
This may be due to the conduction of the impulses directly to the liver 
or may be an indirect result of adrenaline liberation It will be ap 
predated that interference with the nerve supply of any of the glands 
whose secretions affect carbohydrates may exert a profound influence 
on the metabolism of these substances 


Fal Metabolism 

The neutral tats The common fats of vegetable and animal tissues are 
compounds of the higher fatty acids palmitic stearic 

(C,H«0) and o/e/e (C sHj.O ) m combination with the tnatomic 
alcohol gl>ccro/ (C,H*(OH)») Each molecule of glycerol (glycerin) 
IS combined with three molecules of one or other of these fatty acids 
The resulting compound (or ester) is called a neutral fat or tnglycer 
tde Depending upon the particular fatty acids in the triglyceride mole 
cule the three chief fats are named tripalmitm tnstcarm and triolein 
respectively 

The fatty tissues of animals consist of connective tissue in which is 
deposited a mixture of neutral fats tnolem being m the greatest pro- 
portion Tnpalmitin is present m smaller and tnstearin in least amount 

The triglycerides arc hydrolyzed by the intestinal enzymes (lipases) 
into their constituents — ^fatty acids and glycerol In the presence of 
alkali fat is decomposed the fatty acid then reacting to form soap 
Thus 

C,H,(C + 3NaOH = 3CHrfCH,) ,COONa -J- C,H,(OH), 

tnsteann sod um sodjum stearate glycerol 

hydros de (a soap) 

Fatty or waxy suhstances-^terols, steroids, and phospholipids or 
phosphatides The sterols arc secondary alcohols which are present in 
animal and vegetable tissues in combination with fatty acids The 
sterols are but one group of a class of fatty or waxy substances known 
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as steroids They are all closely allied chemically and include the hor- 
mones of the sex glands and of the adrenal cortex Short descriptions 
^of the more important steroids follow 

Cholesterol is widely distributed throughout animal tissues both as 
such and as cholesterol esters It was first isolated from gallstones and 
, IS an important constituent of bile, hence its name (Gk chole, bile), 
and of blood It is closely related chemically to cholic acid, vitamin D, 
and the sex hormones Cholesterol and its esters are especially abun- 
dant in the sheaths of nerves, in brain tissue and in the skin 
' Ergosterol is found m plant tissues, it acquires antirachitic proper- 
ties upon irradiation with ultraviolet light 

The phospholipids or phosphattdes are essential constituents of am 
mal and vegetable cells Brain, muscle, liver bile, milk, and eggs con 
tarn these substances in especially large amounts To this class of sub 
stance lecithin cephalin and sphingomyelin belong Upon hydrolysis 
they yield fatly acids, phosphoric acid and a nitrogenous base The 
nitrogenous clement m lecithin is choline 
Animal fat is formed from the fat of the food as well as from carbo 
hydrate It represents a store of energy which the body can draw upon 
as need arises (e g , during a prolonged period of fasting) The fat 
of the food IS, of course, not deposited m the tissues unchanged The 
fatty acids denved from the ingested fat are recombined with glycerin 
m such proportions as to produce a fat characteristic of that of the ant 
mal s own ^dy — that is, with the proper mixture of the three types of 
neutral fat 

It will be recalled that the caloric value of fat (9 3) is more than 
double that of either carbohydrate or protein, which makes it the ideal 
energy storing material Furthermore, fatty tissue is almost pure fat 
whereas carbohydrate and protein materials are laid down in the tis 
sues with a relatively large quantityr of water 
The phospholipids are believed to play an important part in fat 
absorption and fat metabolism Fatty acids, it is thought, must first 
be transformed to phospholipids before they can be transported across 
cell membranes 

The liver and fat metabolism This organ occupies such a central 
position m any consideration of fat metabolism that particular atten 
tion must be directed to it The liver is the principal if not the only site 
of production of the ketone bodies (see p 370) Under a great variety 
of pathological conditions, neutral fats accumulate in the liver In 
diabetes, in anemias, and after vanous types of poisoning, large de 
posits of fats are found m this organ This finding suggests that, under 
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these conditions, cither the fat which normally is transported from the 
fat stores of the body (such as m the subcutaneous tissues or surround 
ing the abdominal organs) to be dealt with by the li\er is, brought there 
m excessive amounts, or the hepatic cells are in some way functionally 
depressed and unable to deal with even the normal amount of fat 

Oxidation of fats. The fact that the long chain fatty acids are oxi 
dized very readily in the body makes the detection of intermediate 
products a difficult matter The observations of Knoop in the living 
animal suggest that the so-called fi oxidation takes place — that is, that 
there is successive removal of groups of two carbon atoms The fact 
that the ketone bodies — i e , those with four carbon atoms — are formed 
only from fatty acids with an even number of carbon atoms obviously 
supports the theory of ^-oxidation The results of in vuro expenments, 
however, suggest that rupture of fatty acid chains takes place at various 
points m the chain It is thus apparent that our knowledge of fat oxida 
tion IS very incomplete 

The digestion and absorption of fat are dealt with in Chapter 8 

Obesity. Overweight of the body due to the excessive accumulation 
of fat IS called obesity or adiposity Though a very common state, it 
must, unless of very moderate degree, be considered an abnormality 
Obesity is a definite hazard to the general health and in several ways 
puts the physiological processes at a disadvantage It places a greater 
than necessary burden upon the heart at all times but especially in the 
performance of muscular work Diabetes arlenal hypertension, degen 
erative changes m the artenes and gallstones are among the condi 
tions which are more common in the obese than in persons of normal 
or subnormal weight Diabetes has been called the *fat man's folly” 
Obesity tends to reduce the body’s resistance to infection, and the ex 
tremely obese person is looked upon as a poor risk by the surgeon, as 
well as by the insurance examiner Someone has stated the case of the 
overweight person of middle age in respect to life expectancy m the 
epigram “the longer ibe belt the shorter the life ” This is iveJJ borne 
out by insurance statistics In persons over 45 years of age, the age at 
death of those who are overweight is considerably below the average, 
while that of lean persons is above average 

The cause of obesity Some cases of obesity arc due to an endocrine 
disorder, or other specific disease But such causes are rare The com 
mon type of obesity, which is usually referred to as simple obesity, is 
due to an intake of energy (food) in excess of the energy output 
(work) That is to say, the subject eats too much for the physical work 
he does, or he prefers foods of higher caloric value than docs the per- 
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son of normal weight. The excess food is deposited as fat. This con- 
clusion has been frequently questioned, but attempts to prove other- 
wise, by experiments upon human subjects, have failed repeatedly to 
prove that it is false. The metabolic rate, for example, is not lower in 
the obese than in lean persons. In other words, the metabolic processes 
of obese persons are not more than usually economical in the conver- 
sion of food energy into work. 


The Regulation of Body Temperature 

The temperature of the human body is determmed by placing a ther- 
mometer in the moUth, axilla (armpit), or rectum. In health, the 
mouth temperature is around 98.6^^ F. The temperature in the axilla is 
about a degree lower than this, and the rectal temperature about a de- 
gree higher. Even in health, the body temperature does not remain at 
a constant level throughout the 24 hours, but is from 1“ to 1.5® lower 
m the early morning than in the late afternoon. The cause of this di- 
urnal fluctuation in body temperature is unknown. 

The body temperature represents the balance struck between the 
heat generated by the active tissues, mainly the muscles and liver, and 
that lost from the body to the environ- 
ment. It is remarkable how steady the 
body temperature remains under widely 
varying conditions Little change in 
body temperature occurs though the air 
temperature nses to 1 00® F or falls be- 
low zero, nor does the extra heat pro- 
duced dunng light work occasion a nse 
in temperature. Strenuous muscular ex- 
ercise may, however, cause a temporary 
rise in temperature of from I® to 4® F. 

Animals such as mammals and birds 
(warm-blooded animals) which can 
maintain a constant body temperature 
against variations in the temperature of 
their environment are called homoio^ 
thermic. Those species— e.g., fish, frogs, 
and reptiles (cold-blooded animals) — that are unable to regulate their 
body temperature are called poikdotkermic. Their body temperature 
is that of the environment (see Fig. 9.4). 

llcat balance. It is obs'ious that the quantity of hent produced in the 
body (pp. 378-9) must just balance the quantity lost to the environ- 



Fig 9 4 Vanation in body 
temperature of different types 
of anim als by exposure for 2 
hours in an environment ris- 
ing from 5® to 35® C (After 
Martin ) 
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ment. If the body produced more heat than it gave off, the retained 
heat would cause a rise in temperature; if it lost more than it generated, 
its temperature would fall. The average daily heat production — that 
is, the metabolism— of a man following a light occupation is around 
2500 Calories. This quantity of heat is dissipated in the ways described 
in the following section. 



9 J Showing &n arteriovenous anastomoeis in the skin o( an exposed part 
(e.g., ear, cheek, finger) through which warmer blood from deeper parts is 
conducted through the skin, just beneath the more sopcrficial vessels. In I, the 
arteriovenous anastomosis is dosed, and, as at ordinary environmental tempera- 
tures, blood is directed through the subpapillary venous plexus; in 2, the blood, 
as at low temperatures, is shunted through the communicating vessel, a small 
proportion only, passing through the more superficial vessels, continuations 
of the arteriole into the subpapillary venous plexus and of the small vein lead- 
ing therefrom are represented merely by double rows of dotted lines. 

Physical (actors In temperature control. 1. Radiation, convection, 
and conduction. Through these three ph^ical processes the body, like 
any other warm object, loses beat to the cooler air surrounding it, and 
to any cooler objects in contact with it or in its immediate neighbor- 
hood. The heat lost in this way can be increased or diminished through 
variations in the quantity of blood flmving through the skin. On a hot 
day, for example, the vessels of the skin dilate; more blood is therefore 
brought from the deeper parts of the body to the surface, and beat loss 
accordingly increased. In cool weather, the vessels of the skin constrict, 
a greater proportion of the total blood volume being distributed to 
the internal structures; heat loss is thereby reduced. When the cold is 
extreme, the cutaneous vessels of covered parts of the body, such as the 
trunk and limbs, are constricted; but in the skin of the ears, nose. 
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cheeks, etc., anastomosing vessels existing between the arterioles, on 
the one hand, and small veins on the other dilate to permit a free flow 
of warm blood from deeper parts to the skin of the exposed regions; 
thus their temperature is prevented from falling too low. The anasto- 
mosing vessels lie beneath the subpapillary venous plexus from which 
they divert a considerable proportion of the swiftly flowing blood (Fig. 
9.5 and PI. 6 A). The skin is kept warm more effectively in this way. 
Thus the skin may appear pale or even of a bluish tint though quite 
warm; for it is the amount of blood flowing through the venous plexus 
and not that in the deeper cutaneous vessels which gives the skin its 
color (see capillaries of skin, Chap. 4). 

It should be mentioned that under ordinary circumstances the 
amount of heat lost through conduction is negligible. Air is a very poor 
conductor, but the body immersed in water or on cold ground, espe- 
cially if wet, loses heat rapidly by conduction. 

Another important factor In temperature control is the variation in 
blood volume that results from changes in environmental temperature. 
The blood is increased in volume by heat, and is thus capable of ab- 
sorbing and conveying more heat to the surface of the body for elim- 
ination through radiation, convection, and conduction. Cold causes 
the reverse effect — namely, a reduction in blood volume and, in conse- 
quence, a diminished heat toss. 

2. Evaporation of water from the lungs and skin. The latent heat of 
evaporation of water is about 0.6 Calories * — that is, this quantity of 
heat is absorbed in the vaporization of 1 cc of water. Under ordinary 
atmospheric conditions, about 300 cc of water are vaporized from the 
lungs daily, and about 500 cc from the skin. This represents a heat loss 
of (800 X 0.6 “) 480 Calories 

But It should be understood that the evaporation of water from the 
surface of the body occurs constantly in the absence of any visible 
sweating, and even though Che sweat glands are quite inactive or, as 
in some rare instances, when they are entirely lacking. Like any other 
moist mass, the body is continually losing weight by evaporation. The 
water “seeps” (diffuses) into the skin from the underlying tissues and 
is vaporized from the surface. This water loss, together with that from 
the lungs, was first observed and studied by an Italian physician Sanc- 
torio Sanctorio (1S61-1636), upon himself and called by him in- 
sensible perspiration. The quanti^ of body water lost from the skin 
surface as visible sweat and as insensible perspiration varies, not only 
with the temperature of the air, but also with the degree to whic^ 

* The Istent heat of the evaporation of sweat is 0.59 Calorie. 



378 METABOLISM AND NUTRITION 


atmosphere is saturated with moisture — i e , with the relative humidity 
If this IS very high, a large part of the sweat may simply drip from the 
skin, and such unevaporated sweat exerts no cooling effect The rela 
tive humidity of the atmosphere is, therefore, of the greatest irapor 
tancc with respect to our comfort on a hot day 
It IS clear that when the environmental temperature is higher than 
that of the body, heat cannot be dissipated by radiation and convection 
the body v-ould gam rather than lose heat were it entirely dependent 
upon these processes At such temperatures, evaporation of water from 
the skin and lungs plays the leading role m the regulation of body 
temperature The sweat glands are stimulated and visible sweating 
appears when a rise of from 0 5 to 1“ F in body temperature occurs 
TTie rise in body temperature may result from an increase in the tern 
peralure of the environment or from increased heat production, as in 
muscular exercise 

The effect upon the sweat glands is brought about through a center 
m the brain from which they receive impulses through the sympathetic 
nerves A rise in temperature of the blood supplying the center is the 
most potent factor in causing the secretion of sweat This is shown by 
the fact that heating the carotid artery m the cat causes sweat secretion 
from the toe pads, though the paws themselves are kept cool But 
sweating may also be induced reflexly — that is, from the stimulation of 
afferent nerves m the peripheral tissues skm muscles, and so forth 

Table 9 6 
Dally heal less 

Calories 


Radiation, convection and conduction 1850 

EvaporaUon from the skm 400 

Vaporization of water from the Jungs 1 75 

Warming inspired air to body temperature 80 

Urine and feces (i e , heat of these excreta over that 
of the food) 50 

Total daily heat loss 2555 


In dogs and cats, functional sweat glands are absent from the body 
surface, being confined to the skin of the pads of the paws In these 
animals, rapid breathing (panting), with increased vaporization of 
water from the lungs as a consequence, is relied upon to increase heat 
loss at high temperatures 

3 Of the total heat lost from the body, over 95 percent is climi 
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nated through (1) and (2) discussed above. The remaining 5 per- 
cent is lost in the urine and feces, and in raising the inspired air lo 
body temperature. 

'^e quantities of heat lost daily in each of the several ways just de- 
scribed are given (in round numbers) in Table 9-6. 

Variations in the quantity of heat lost through these physical fac- 
tors are capable, under ordinary circumstances, of maintaining the 
body temperature at the normal level. However, at very high environ- 
mental temperatures or when, as in strenuous muscular effort, heat 
production is very greatly increased, the mechanisms of temperature 
control may be inadequate; the body temperature then rises. 

The chemical factors in temperature control. At low environmental 
temperatures, the physical mechanisms alone are incapable of reduc- 
ing heat loss sufficiently to prevent a fall in body temperature. Chemi- 



Fig. 9.6 Showing the effect of external temperature 
upon metabolism. (From Martin after Gessler from ob- 
servations upon himself.) 


cal regulation then comes into play — i.c., heat production increases. 
The body’s fires, so to speak, arc fanned. The point in the tempera- 
ture scale where physical factors are aided by chemical means in the 
control of body temperature is called the critical temperature. It varies, 
of course, with the nature and thickness of the clothing, but for the 
naked human body it is around 28® C (82® F). Cold, therefore, acts 
as a powerful stimulus to metabolism (heat production). The greater 
heat production in response to cold is brought about mainly by in- 
creased tone of the skeletal muscles and, in some instances, by invol- 
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untaiy contractions of these muscles (shivering) and of the smooth 
muscle of the skin (goose flesh) When cold, a person usually indulges, 
also, in some form of muscular activity — walking, swmgmg his arms, 
or stamping his feet — which very matenally increases his heat produc- 
tion (see Fig 9 6) 

At temperatures between 28“ and 30“ C, the body (naked) is able 
to establish a balance between beat production and heat elimination 
without calling accessory mechanisms into play — sweating on the one 
hand or muscular contraction (shivering or voluntary muscular move- 
ments) on the other — and one, therefore, feels quite comfortable This 
temperature range, or correspondingly lower temperatures for the 
clothed body, is for this reason called the comfort zone 

In cold climates protein food, owing to its specific stimulating ef- 
fect upon metabolism {specific dynamic action, p 359), gives valu- 
able assistance to the chemical mechanism of temperature control On 
the other hand, a high protein diet is unsuitable m hot weather, since 
the greater heat production which it induces throws an additional bur 
den upon the mechanisms responsible for heat dissipation 

Hcat-controllmg centers. The main center for the control of body 
temperature is situated in the fore part of the hypothalamus — that re- 
gion at the base of the bram near the origin of the pituitary stalk 
(p 541) Isolation of this region by section of the brain stem crupper 
spinal cord renders an animal poikiloihermic — that is, incapable of 
maintaining the height of its temperature independently of the temper- 
ature of the environment This operation also paralyzes the skeletal 
muscles, the power to increase heat production is therefore lost Stimu- 
lation of the hypothalamic center causes a rise in temperature The 
center exerts its influence upon body temperature through the au 
tonomic nervous system causing vasoconstriction or vasodilatation, 
sweating, increased muscular tone, contraction of smooth muscle in 
the skin (shivenng), and the liberation of adrenaline from the adrenal 
medulla which, as mentioned below, stimulates heat production 

These effects upon the sweat glands, vessels, and the adrenal gland 
are largely reflex in nature, the center bemg influenced by afferent im- 
pulses initiated in the temperature receptors of the skin But such 
effects are also induced by a nse in the temperature of the blood sup- 
plying this region of the brain 

The endocrines and heat regulation. The secretions of both the thy- 
roid and adrenal glands stimulate heat production This effect, known 
as the calongenic action of these hormones, enables an animal to with 
stand a greater degree of cold than is possible for one that has been 
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deprived of either or both of these endocrines; the temperature of such 
animals is usually subnormal. Prolonged exposure to cold (over a 
period of weeks) causes an overproduction of the thyroid hormone. 
At any rate, the thyroid glands of rats who have been so treated show 
pronounced indications of increased activity, and a rise in heat pro- 
duction. The latter effect does not appear m thyroidectomized animals 
similarly treated. 

The hypersensitivity of hypothyroid patients to cold and of hyper- 
thyroid to a warm enviroiuncnt is well known. 

Fever or pyrexia. A rise in body temperature above the normal 
level, unless of a temporary nature as in strenuous exercise or as a re- 
sult of exposure to a high air temperature, is called fever or pyrexia. 
The highest body temperature compatible with life is between 1 10'* 
and 112® F. The rise in temperature is due primarily to an impair- 
ment of the mechanisms for heat elimination (e.g., increased blood 
volume, vasodilatation, and sweat secretion) and not to increased heat 
production At the commencement of a fever, for example, the skin is 
pale and dry; the metabolism is not mcreased. Heat elimination is re- 
duced; heat is therefore retained in the body and the temperature 
rises. Having reached a cer- 
tain height, the temperature 
remains fairly steady, for now 
heat elimination keeps pace 
with heat production; a bal- 
ance is struck, but at a higher 
level than in health. Though, 
as just mentioned, increased 
heat production is not respon- 
sible for the onset of the fever, 
the higher temperature in- 
duced through heat retenrion 
causes, in turn, greater heat production; for the heat generated in the 
body is the result of chemical reactions, mainly oxidative in nature 
and, like chemical reactions in general, they are accelerated by a rise 
in temperature (see Fig. 9.7). A rise of 1® F in body temperature in- 
creases the metabolism by about 7 percent. 

In acute infectious diseases and in bacterial infections generally, 
the accompanying fever is due to an action of the bacterial toxin upon 
the heat-regulating centers; in animals whose brain has been cut across 
below these centers, the injection of a toxin, which in a normal ani- 
mal would cause a sharp rise in temperature, .does not cause fever. In 
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Fig 9 7 Chart from Du Bois showing 
the effect upon metabolism of an increase 
in body temperature (fever). 
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some instances, the baclenal toxin may act directly upon the heat 
regulating centers As a rule however, its action is probably an in 
direct one, the first effect being to produce chemical changes m the 
tissues which alter the osmotic pressure of the tissue fluids, causing 
the withdrawal of water from the vascular system and, as a conse- 
quence, a reduction in the dissipation of heat by radiation Further 
more the reduced blood volume causes the drainage of blood from the 
cutaneous vessels, the skin thus becoming cold, stimulates cold re 
ceplors, and brings about a reflex response from the centers controUmg 
heat production Cutaneous vasoconstnction occurs, which further re 
duces heat dissipation accompanied by shivenng One of the first 
symptoms at the onset of an acute infectious fever is a feeling of in 
tense cold, often with goose flesh, shivering chattermg of the teeth 
and shaking of the limbs for, as just mentioned, the withdrawal of 
warm blood from the skin has stimulated receptors sensitive to cold 
The temperature taken m the mouth at Ibis time of the “chill is found 
to be high though the skin may feel cold even to another person, and 
the patients lips and nose appear pinched pale and even of a bluish 
tint The mechanism of a chill at the commencement of a fever may 
be compared (though not exactly) to that controlling the tempera 
ture of a room isolated from a temperature sensitive device which has 
been exposed to a cold draft The cold sensitive device corresponds to 
the cold receptors m the skin the thermostat to which it is connected 
by wires and which controls the furnace, is comparable to the beat 
regulating centers and the isolated room to the deeper tissues 
The effect of certain drugs upon the body femperafure. There are 
many drugs which have a fever reducing or aniipyretie action Among 
such agents arc aspirin salicylates anlipyrine, and quinine Some of 
these drugs appear to bring about their antipyretic effect by increasmg 
the blood volume, and thus increasing heat dissipation, for the greater 
volume of fluid available for circulation through the vessels near the 
body surface, the greater the amount of heat which will be radiated 
to the surroundmgs The increase in blood volume is thought to be 
due to the nse m blood sugar which these drugs induce, water is 
drawn into the vessels by the raised osmotic pressure of the blood 
plasma caused by the increased sugar concentration On the other 
hand, reduction m circulating fluid, as in dehydration, may cause fever 
Other drugs such as morphine alcohol in large amounts and general 
anesthetics (ether, chloroform etc ) arc capable of reducing even a 
normal body temperature through their depressant action upon the 
heat-controlling centers 
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There are other agents which raise the body temperature above the 
normal. Dinitrophenol, a drug which has been used — not without 
danger — as a cure for obesity, raises the body temperature by increas- 
ing the rate of oxidation in the tissues. The action of the hormones, 
adrenaline and thyroxine, in this regard, has been referred to on 
pages 413 and 422. 

Heat stroke, heat exhaustion, and sunstroke. After a person has 
been exposed to a high temperature for a time, his heat-regulating 
mechanism may fail, and very serious symptoms, even death, may 
result. The effects of extreme heat fall into two categories known, re- 
spectively, as heat stroke and heat exhaustion. In the former, a person 
exposed to great heat, often while undergoing some physical exertion, 
suddenly becomes unconscious. The body temperature is found to be 
very high, and in a severe case may reach 108“ or 1 10“ F. Sweat se- 
cretion is suppressed; both blood volume and urine volume are in- 
creased. In heat exhaustion, the symptoms develop more gradually and 
consist of abdominal cramps, rapid pulse, low systolic blood pressure, 
and sometimes dizziness and dyspnea. The blood and urine volumes 
are reduced, and the chloride of the blood and urine are much below 
normal (due to loss of chloride m the sweat). Sunstroke is merely a 
form of heat stroke or heat exhaustion, the body absorbing heat from 
the direct rays of the sun. There is no special effect of the sun’s rays, 
apart from ^eir heat, which causes the symptoms of so-called sun- 
stroke. 

Heat cramps. Men working in a very hot environment for a long 
period may suffer severe cramplikc contractions of the muscles. The 
muscles are rendered hyperexcitable by the reduction in the salt con- 
centration of the tissue fluids; and this is due, in turn, to the exces- 
sive loss of sodium chloride in the sweat. 


The Vitamins 

It was discovered nearly 50 years ago that diets composed of puri- 
fied protein, fat, and carbohydrate, and containing the essential min- 
erals would not support life. It was concluded, therefore, that foods 
in their natural state contained substances which, though present only 
in minute amounts, were nevertheless essential to life. Sir F. Gowland 
Hopkins, of Cambridge University, was among the first to suspect the 
presence of such materials in natural foods. In 1906, he expressed his 
views in the following words, *^0 animal can live upon a mixture of 
pure protein, fat, and carbohydrate; and even when the necessary in- 
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organic material is carefully supplied, the animal still cannot flourish.” 
The chemical nature of these materials was unknown, so they were 
called simply accessory food factors. Later these vital elements were 
thought to belong to a group of nitrogenous substances known as 
amines They were therefore named vitamines, It was soon found, 
however, that this conclusion was false. The name was retained, how- 
ever, but it was suggested that the terminal “c” be dropped. The ge- 
neric term vitamin was then generally adopted. There are a number 
of different vitamins. Each is designated by a letter of the alphabet. 
The vitamins A, D, E, and K are soluble in fats and fat solvents (the 
fat-soluble vitamins) ; the vitamins of the B complex and vitamin C 
are soluble in water (the water-soluble vitamins). 

The growth of our knowledge of the vitamins within the past three 
decades ranks as one of the most brilliant achievements of physiologi- 
cal and biochemical research, the practical application of ^is knowl- 
edge has conferred immense benefits upon mankind. 

Toble 9-7 

Summary of the vhomtns 
Vitamin A (antuerophthalmic) 

thiamin or vitamin (antioeuritle) 
riboflavin, D, or G 
nicotinic acid or macln 
pyridoxin, B, 
pantothenic acid 
Vitamin B complex folic acid 

antipemicious anemia factor, Bu 

biOtin 

inositol 

para-aminobenzoic acid 
choline 

Vitamin C (antiscorbutic) 

Vitamin D (antirachitic) 

Vitamin E (antisterihty) 

Vitamin K (antihcmorrhapc) 

Vitamin A (C,4I,oO), the antizerophthalmlc vitamin. The chief 
sources of vitamin A* arc fish liver oils (e.g., cod and halibut), dairy 

* Ttiere are aciually two vtiamint A Each is derived from a separaie caretene 
(carotene-a and carotene^), which differ stishUy chemically. The vitamin A first 
discovered and present m manunatun liven, and in Ihe commoner types of food is 
now known as vitamin A,, it is derived fnim caroCene*a. The second vitamlfl A, 
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products, and many vegetable foods. The following is a list of mate- 
rials especially rich in this vitamin. 

Fish liver oils 

Butter and cream 

Egg yolk 

Carrots, yellow maize (com), alfalfa, spinarii, peas, beans, and other 
yellow and green vegetables 

It is not strictly correct to say that plants contain vitamin A. They 
contain rather a yellow pigment called carotene (CioH,*) which, after 
being taken into the animal body, is converted by the liver into vita- 
min A according to the following equation: 

C,aH„ + 2H,0-2C,oHOM 

Carotene, being a precursor of the vitamin, is called provitamin A. 
The green and yellow parts of plants contain more of the provitamin 
than do the paler portions. The contents of vitamin A m milk and but- 
ter varies with the carotene content of the fodder of the cow. After 
ingestion the carotene is transformed in part to vitamin A and se- 
creted as such in the milk. A part of the carotene is also secreted un- 
changed. Vitamin A itself is colorless, so that a pale milk may be just 
as rich a source of the vitamin as one more deeply colored. The vita- 
min A of fish liver oils is also derived ultimately from plant life. Small 
invertebrates of the sea, known as copepods, feed upon marine plants, 
and serve in turn as food for small fish. The latter convert the carotene, 
originally formed by the plant, into the vitamin. Larger fish devour 
the smaller fish and store the vitamin so obtained in their livers. 

Vitamin A deficiency. When the diet is deficient in vitamin A (and 
in the provitamin), the epithelium lining the respiratory and alimen- 
tary tracts as well as the ducts of certain glands, becomes abnormal; 
it undergoes transformation to the stratified squamous type. Such mu- 
cous surfaces are especially susceptible to infection. Inhibition of 
lacrimal secretion, followed by drying of the cornea (xerophthalmia), 
is an outstanding effect of vitamin A deficiency. In some instances 
softening of the cornea (keratomalacia), which may progress to ulcera- 
tion and consequent blindness, results. Vitamin A is necessary for the 
regeneration of the visual purple of the retina which, in health, read- 
ily takes place after the eyes have been exposed to light (Chap. 13). 

designated Aj. u absent from mammatiao liver but is the chief vitamin A found in 
the livers of fresh water fish; its provitarem u carotene*^ 
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Nighi blindness {nyctalopia) is, therefore a common accompaniment 
of vitamin A deficiency A sufferer from night blindness sees well In 
bright light, but is quite or almost blind in dim light Vitamin A de 
ficiency may also lead to degenerative changes in the long fiber tracts 
of the spinal cord and in certain of the peripheral nerves 

An adequate supply of vitamin A is also required for the normal 
growth of bone In experiments upon growing animals, pronounced 
localized overgrowths of bone results, causing deformities These ab 
normalities were particularly noticeable in the bones of the skull and 
spinal column Pressure upon nerves issuing from the cranial cavity or 
vertebral column by the redundant bone are largely responsible for 
the abnormalities of the nerves mentioned above 

The diets of persons on this continent are rarely deficient in vita 
mm A to the point where serious abnormalities supervene, but in In 
dia China, and other Enstern countries (he diet is frequently deficient 
m this and other vitamins In localities far removed from larger cen 
ters of population owing to difficulties of transportation such as m 
lumber camps of the north country, 
especially m winter, night blindness 
and other signs of vitamin A defi 
ciency occasionally make thetr ap* 
pearance Infants reared upon a 
badly planned artificial diet may also 
suffer from deficiency of vitamin A 
(Fig 9 8) 

The vifflmm B complex The first 
of this large group of vitanims to be 
discovered was thiamin or vitamin 
Bi the antmcuntic vitamm Severe 
deficiency of this vitamin is the 
cause of a disease known as beri- 
ben Beriberi is a disease of nee 
eating countries Its chief features 
are paralysis of the limbs (due to de 
generative changes in the penphenil nerves — polyneuritis), dilation 
of the heart and edema It was shown by Eikjman a physician work 
ing m the Dutch West Indies to be due to a dietary deficiency He 
demonstrated that the essential factor missing from the diet was con 
tamed m the coverings of the rice kernel Persons who live almost ex 
clusivcly upon a diet of polished ncc — that is nee from which the 
pericarp (bran) and germ have been removed m the milling process — ■ 



Fig 9 8 Xerophlhnlmia in a ch Id 
caused by vitamin A deficiency 
(Draviw tiOTi a ptrologtaph attei 
Bloch ) 
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develop the disease, but are readily cured when they are given un» 
polish^ rice or an extract prepared from the rice “polishings.” This 
factor in the polishings of rice which protected against beriberi was 
designated vitamin B or the antineuritic vitamin. From researches of 



Fjg. &.9 Upper figure (after 
Harris): left, distended stom< 
ach in thiamine (BJ deQciency 
due to loss of tone of gastnc 
muscle; right, normal stomach 
Lower figure: curves showing ef- 
fect of graded quantities of vita- 
min B, upon growth of mne 
groups of rats; P, point where 
polyneuntis developed, broken 
lines are drawn from the points 
where some individuals of the 
group died. Figures from 0.0 to 
I.O indicate grams of whole 
wheat (B,) received by the re- 
spective ^ups. (After Chase.) 

recent years it has been shown that so-called vitamin B is actually a 
complex substance consisting of several vitamins, only one of which is 
protective agains beriberi. This latter, the antineuritic principle, is now 
known as vitamin B„ or thiami{t. 

Other effects of vitamin B, deficiency are (a) gastroinleslinal dh. 
orders (e.g., reduced motility of the stomach and intestines resulline 
in constipation, inhibition of the digestive secrctiom, and loss of an^ 
petite); and (b) retarded growth (sec Fig. 9.9). 

In birds (c.g., pigeons) a condition analogous to human beriberi 
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Fig. 9.10 Left, pigeon suflenng fiom polyneuritis; rfghl. the same bird an hour 
after treatment with vitamin B,. (After Funk, redrawn ) 


results from vitamin Bj deficiency. Its chief features are paralysis due 
to involvement of the peripheral nerves (polyneuritis), retraction of 
the head, and convulsions. The condition is cured in a remarkably 
short time by feeding a concentrated preparation of vitamin B, (see 
Fig. 9.10). Vitamin Bj deficiency in a dog and its rapid cure by ad- 
ministration of the vitamin is shown in Figure 9.U. 

Thiamin has been synthesized. It exists in the tissues as an integral 
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part of an enzyme system essential for the metabolism of carbohy- 
drates. In its alienee, carbohydrate metabolism does not proceed nor- 
mally. Lactic acid accumulates in the blood, heart, and brain. The 
accumulation of lactic acid in the brain substance appears to be re- 
sponsible for the head retraction seen in birds. 

There are several other vitamins of the B complex (see Table 9-8, 
p. 396), the most important of which m respect to human nutrition 
are riboflavin and nicotinic acid (niacin). 

Riboflavin. This is one of a group of yellow fluorescent pigments 
found in animal tissues. Liver, kidney, and milk are especially rich 
sources of this factor of the B complex When it is lacking from the 
diet, reddening of the eyes, due to the growth of fine blood vessels 


Fig. 9.12 Vascular- 
ization of the cornea 
due to severe riboflavin 
deficiency. Note the 
growth of vascular 
loops into the cor- 
nea, which normally is 
bloi^less. Itom the ves. 
sels at the periphery 
{limbtc plexus). 



into the cornea, results, together with opacities of the cornea (Fig. 
9.12). A sensation of burning and itching of the eyeballs is experi- 
enced. There is intolerance (o light which may be so severe that the 
eyes cannot be opened in an Olumination of even ordinary intensity 
(photophobia). Another effect of deficiency of this vitamin is the de- 
velopment of fissures in the skin radiating from the angles of the 
mouth. 

Animals with riboflavin deficiency grow slowly. Chicks on a diet 
in which it is lacking develop a degenerative disorder of the peripheral 
nerves, a type of paralysis resulting known as “curled toe.” 

Nicotinic acid (niacin). A disease occurring among the poor of 
the southern United States and less commonly in some European 
countries has within recent years been recognized as being due, mainly 
at least, to a deficiency of this vitamin. The chief features of this dis- 
ease, which is known as pellagra, are reddening and drying of the 
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skid together with, in the severer cases, nervous and gastrointestinal 
disturbances It occurs m those who subsist mainly upon maize 
Pyridoxin Rats on a diet deficient in pyndoxm develop a cutaneous 
disorder consisting of reddening and scahness of the skin and loss of 
hair There is some indication that this factor is concerned with the 
synthesis of hemoglobin and the manufacture of erythrocytes The re 
generation of blood following hemorrhage is hastened by feeding 
pyridoxin Deficiency of this vitamin has not been observed in man 
Pantoihemc acid Most animal and vegetable tissues contain this 
acid It stimulates the growth of yeast Its role m human nutrition is 
unknown But when lacking from the diet of chicks, it causes der 
matitis and degenerative changes in the nervous system In rats, panto- 
theme acid deficiency causes graying of the fur and ‘ spectacle eyes'* 
(an appearance due to an inflamed hairless ring around the eyes), as 
well as damage to the kidneys, heart, and adrenal cortex 
Biotin This vitamin is present chiefly m yeast, liver, kidney, and the 
yolk of egg and in smaller amounts m other foods Its deficiency docs 
not occur in man so far as is known but it is important, nevertheless 
In human nutrition, for deficiency has been produced experimentally 
in man by giving a diet containing a high proportion of raw white of 
egg Unpleasant symptoms including drowsiness, greasiness of the 
skin and some cardiac distress, developed In rats fed upon a diet of 
raw egg while, a severe deirnaiuis accompanied by “spectacle eyes 
appears A protein m raw egg white known as avidm combines with 
biotm m the intestinal tract and renders the latter unavailable in nu 
tntion, the avidin biotui compound cannot be utilized 
Chohne A constituent of the lipid known as lecithin, choline when 
lacking from the diet results m fatty livers m animals Deficiency of 
choline apparently does not occur in man Nor has Inositol deficiency 
been observed m man This vitamin is found chiefly in cereals as a 
complex compound with calcium, phosphorus, and magnesmni It is 
also present m animal tissues such as liver and ordinary meals Mice 
fed upon a diet deficient in inositol show patches of baldness, but it 
does not appear to be related to loss of hair in man Para amtnobenzolc 
acid deficiency has not been observed in man and, though deficiency 
m rats causes graying of the hair, there is no evidence that this vitamin 
IS related m any way to the loss of color of human hair Para ammo- 
bcnzoic acid s chief interest lies in the fact that it is necessary for the 
growth of certain disease producing bacteria (see footnote, p 221) 
The role played by foUc aetd in blood formation is desenbed on 
page 74, and of viramm on page 76 
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A number of vitamms of the B complex are essential for the growth 
of several types of microorganism and are dietary requirements for 
chicks, rats, mice, and other laboratory anunals, but only thiamin, 
riboflavin, niacin, folic acid, and vitamin Bn have been shown to be 
indispensable constituents of human diets This does not necessanly 
mean that those which are not required in the diet are not utilized by 
the human body Several are synthesized by intestinal bacteria, and 
such synthesis pn5bably occurs in the human intestine Most of the 
factors of the vitamin B complex have been shown to exist as integral 
parts of tissue enzyme systems with which their functions are intimately 
associated 

Vitamin C, the antiscorbutic vitamin. Vitamin C is present m great- 
est amounts in citrus fruits (e g , lemons limes oranges, and grape- 
fruit) It is also contained in most other fruits and green vegetables 
Tomatoes and red and green peppers are exceptionally nch sources, 
potatoes, turnips, meat, and milk contain moderate amounts Vita- 
min C has been identified chemically as ascorbic acid (C«H|0«) It 
possesses high reducing powers, it has been synthesized m the lab- 
oratory, and by the intestinal bacteria of many animals 

Vitamin C serves the important function of maintaining a healthy 
state of the walls of the capillanes When it is lacking from the diet, 
the cement substance interposed between the endothelial cells, and 
holding them together, becomes deficient The vessels, as a conse- 
quence, develop leaks which permit the escape of blood into the sur- 
rounding tissues 

Vitamin C is in relatively high concentration in the cortex of the 
adrenal gland (seep 428) 

Scurvy {scorbutus) is caused by vitamin C deficiency The chief 
manifestation of this disease is bleeding from the mucous membranes, 
beneath the skm and into joints The skin, as a result of numerous 
capillary hemorrhages (petechiae), may show extensive mottling The 
gums are swollen and inflamed and bleed easily The subjects become 
anemic, weak, and emaciated Unless fresh food containing the vita 
mm IS supplied, death results Scurvy, though unusual m the general 
population except m times of famine, was a common disease m sailors, 
soldiers, explorers, and others who, of necessity, subsisted upon diets 
lackmg in fresh fruits, vegetables meat, and milk Scurvy is readily 
produced m guinea pigs by placing them upon a diet of hay and oats 
— 1 e , one lackmg m green slufe The disease is sometimes seen in 
persons living on the outskirts of civilization, such as lumbermen, es- 
pecially dunng the wmter months when fresh food is difficult to pro- 
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cure, and provision for a supply of vitamin C in concentrated form 
has not been made. The disease may also appear in infants who are 
artificially fed; infantile scurvy (Barlow's disease) should, however, 
never occur, since the administration of tomato or orange juice is a 
certain preventive. 

Vitamin D (C^HmO), (he antirachitic vitamin. This vitamin is 
formed by the action of ultraviolet light upon certain waxy compounds 
known as sterols. Among such compounds are ergosterol, found in 
yeast, and cholesterol, present in the skin and other animal tissues. 
The ultraviolet rays cause a rearrangement of the atoms in the sterol 
molecule, thereby endowing it with the properties characteristic of 
vitamin D Vitamin D is formed naturally by the action of sunlight 
upon a sterol in the skin closely associated with cholesterol. This 
sterol IS known chemically as 7-dehydrocholesterol. The antirachitic 
vitamin is prepared commercially by irradiating yeast (rich in ergos- 
terol) by means of the mercuiy vapor lamp or the carbon arc. Such 
artificial preparations of vitamin D are referred to as vioslerol, or sim- 
ply as irradiated or activated ergosterol. The wavelengths in the ultra- 
violet part of the spectrum which are eSeettve in the formation of this 

AoUncbltle PeCtser 
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vitamin D. There are several vitamins D. The two of medical interest 
are the two just mentioned. They arc designated Dj (irradiated 7-dehy- 
drocholesterol of skin and in cod liver oil and other fish oils) and D* 
(irradiated ergosterol, calciferol). There is no vitamin Di, 

The following is a list of the chief sources of vitamin D. 

Fish liver oils (e g , halibut and cod) 

Irradiated ergosterol' (of yeast) 

Irradiated milk 
Irradiation of the skin 

The main action of vitamin D is upon the metabolism of calcium and 
phosphorus; it is essential for the mineralization of growing bone, and 
for maintaining the normal mineral composition of the adult skeleton. 
It also plays an important role in dental health; defective tooth struc- 
ture, leading to decay of the teeth (dental caries ) , results when the diet 
is deficient in the antirachitic vitamin. When the vitamin in the form 
of viosterol is administered in excessively large doses, a marked rise 
in the calcium of the serum (hypercalcemia) results, calcium being 
drawn from the skeleton to the blood. The calcium of the unne is in- 
creased. Vitamin D acts, in this respect, like the hormone of the para- 
thyroid glands. Toxic symptoms resembling those caused by over- 
dosage with parathyroid extract also follow the administration of large 
amounts of viosterol. The manner in which the vitamin, in physiologi- 
cal dosage, exerts its effect upon calcium metabolism is not altogether 
clear. But it is generally believed to increase the absorption of calcium 
from the intestinal tract; its chief action, however, appears to be upon 
the skeleton, influencing, in some manner not understood, the deposi- 
tion of calcium and phosphorus in Che developing bone. 

Rickets (rachitis) results from vitamin D deficiency. It is a disease 
of young children, chiefly, between the ages of 6 months and 3 years. 
Its essential feature is defective development of the bones. The deposi- 
tion of phosphorus and calcium is interfered with; the bones are, there- 
fore, soft and yielding. Deformities of the limb bones and spine and 
defective ossification of the skull bones result. Small round swell- 
ings are found at the junctions of the ribs with the sternum; these are 
referred lo as the “radhilic rosary.” The head is somewhat larger than 
normal with a prominent brow; soft areas may be felt in the skull. The 
abdomen is large and round, which has given rise to the term “potbelly” 
(see Fig. 9.14). The disease occurs most often in bottle-fed infants, 
especially in those who are growing rapidly and receiving a diet con- 
taining a large proportion of carbohydrate. Rickets is readily cured 
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or prc\ented by Ihe administraiion of vitamin D, cither in the form of 
cod liver or halibut liver oil, viostcrol or irradiated milk, or by exposing 
the child to ultraviolet radiations (sunlight, the mercury vapor lamp, 
or carbon arc) The value of sunshine in Ihe treatment of rickets was 
pointed out over 70 years ago (1880) by Palm, an English physician, 
but It IS little more than 30 years since the curative effects of ultraviolet 
irradiation and of cod liver oil have come to be generally recognized 
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Rickets IS seen most commonly m the large cities of northern lati- 
tudes, since infants m these localities are less exposed to sunshine than 
are those m southern climates The disease is almost unknown in the 
tropics The smoke and dust of cities also act as a screen through which 
the shorter wavelengths of the sun’s rays cannot penetrate, or do so to 
a minimal extent It should be remembered, furthermore, that window 
glass IS opaque to radiations shorter than 320 mfi Sunshine that has 
passed through ordinary glass therefore possesses no antirachitic action 
On the other hand, m order to gam benefit from ultraviolet radiation 
a person need not be m direct sunshine The sun’s rays reflected from 
the sky (skyshme), or from water, snow, or light colored objects are 
effective 

Osteomalacia (soft bones) is a disease — essentially the same as 
rickets — which occurs m adults m eastern countries especially India 
and China Women are mainly affected with the disease since they, as 
well as receiving m common with the general population little vita 
min D in their diet, are often confined within doors and thus deprived 
of the benefit of sunshine 

Vitamin (or vitamins) Et the anlisfenhty vitamin. Vitamin E is 
necessary for normal reproduction Female rats upon diets lacking m 
vitamin E though they become pregnant do not bear living young 
The embryos after developing for a short time die In male rats, 
vitamin E deficiency results in degenerative changes m the testes, 
spermat 02 oa are not produced and the sex instinct is lost The addi 
tion of lettuce or other food containing vitamin E corrects the defects 
of either the male or female reproductive functions 

Vitamin E is fat soluble and has been obtained m crystalline form 
Its chief sources are green vegetable foods — e g lettuce peas, alfalfa 
and the germ of vanous cereals Wheat germ oil has a very high vita 
min E content 

Besides the vitamin E first discovered two other compounds closely 
related to it chemically, have been shown to have similar physiological 
actions We may now speak of vitamins E All three belong to a class 
of compounds known as the tocopherob The three vitamins E are, 
therefore frequently referred to by their chemical designations Pre 
fixing the Greek letters to distinguish them, they are known as alpha, 
beta and gamma tocopherol, respectively 

Vitamin E exerts an influence upon the metabolism of muscular tis- 
sue (nutritional disorders of muscle occur m animals when it is lacking 
from the diet) and upon the biochemical processes m the nuclei of 
cells generally, its action is exhibited especially upon rapidly growing 
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Table 9 8 

Summarizing the principal facts eencerning certain vitamins 
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structures. It has been employed, but on the whole with disappointing 
results, in the treatment of certain wasting diseases of the muscles; and, 
in consideration of its influence upon (he reproductive functions, it has 
been given to pregnant women who have had repeated miscarriages 
or abortions (habitual abortion) with the hope that they will be able 
to give birth to a living child. 

Vitamin K (the antihemorrhagic Titamin). This vitamin is found in 
largest amounts in alfalfa, spinach, cauliflower, cabbage, and other 
green foods and less abundantly in cereals, carrots, and yeast. Clicks 
and other farm birds develop a fatal hemorrhagic disease when this 
vitamin is lacking from the diet. The hemorrhages are due to a low 
concentration of prothrombin in the blood. This, as mentioned on page 
103, is an essential factor in the coagulation of the blood. Hemorrhages 
in the human subject are rarely if ever due to the lack of vitamin K in 
the diet because vitamin K is synthesized by bacteria in the intestine of 
man. For the same reason it has not been found possible to induce a 
hemorrhagic tendency in other mammals by feeding them a diet lacking 
in this vitamin. But vitamin K is not absorbed from the intestine in the 
absence of bile. Therefore, in obstructive jaundice in which bile does 
not enter the intestine, a tendency to bleed is a common feature. It is 
now the custom to give vitamin K by injection or by mouth accom- 
panied by bile or bile salts before operating upon a patient with obstruc- 
tive Jaundice. The prothrombin concentration of the blood is raised 
thereby and the defect in the clotting mechanism corrected. 

A grave hemorrhagic disease occurs in newborn infants due to an 
insuSicient amount of vitamin K received by the fetus from the mother. 
The prothrombin concentration of the infant’s blood, when this occurs, 
is less than 50 percent of the normal. Death may occur within the first 
few hours after birth. If the child is untreated but survives longer than 
this, the condition usually corrects itself, for bacteria swallowed in the 
miik synthesize the vitamin in the intestine. The disease can now be 
treated at the first sign of its appearance, and quickly corrected by the 
intravenous administration of vitamin K. 


The Principles of Dietetics 

The importance of a well-balanced diet for the normal growth and 
development of the young, and for the health of both young and old, 
is recognized today as never before. There seems little doubt that the 
finer p^sique and better health of the present generation is largely 
the result of the more varied and ample character of modem diets (see 
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^PPf'' pf^°>ograph class of elcmenlary school children at 
u wark En^nd m 1894 Lower photograph corresponding class 
years later The improvemenl of this group over that in the upper 
fk ° ®S[3ph IS attnbuted largely to the more adequate diet received by 
the children m the lower group (After Hams ) 


ig 9 15) Deficiency diseases which have been so prevalent in the 
past, especially among the poor, are now comparatively rare Rickets 
and scurvy, for example, have almost vanished from civilized com 
munities and, were the Knowledge which has been gamed from modem 
^carch sedulously applied, the eradication of these and other diseases 
uc to defective diets — such as benben and pellagra — would soon be 
an accomplished fact In planning a diet, the following factors must be 
taken into account* 
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3. The caloric (energy) requirement of the subject. 

2. The proportions of the three main t)’pes of food — carbohydrate, 
protein, and fat. 

3. Essential fatty acids. 

4. The vitamin requirement. 

5. The mineral constituents. 

Determination of the caloric requirement. A man of average size and 
following a light occupation has an average energy output of from 
2500 to 3000 Calorics daily. In order that the body’s tissues shall not 
be called upon to furnish any of the required energy, the caloric value 
of the diet must not be less than the energy expenditure; otherwise the 
body would lose weight Nor should the caloric value of the diet be 
greater than the energy expended. The excess energy would then be 
simply stored as fat (sec p 374), Excess of energy intake over energy 
output is the usual cause of obesity. In order, therefore, to calculate the 
caloric requirement in any given case, one must first know the energy 
expenditure during the resting state, that is, the basal metabolism 
(p. 356). To this IS added the energy expenditure of the particular oc- 
cupation in which the person Is engaged. 

The energy expended daily by different persons, or by the same per- 
son at different times, varies widely, depending upon the extent of the 
exercise undertaken. The energy allowances for work of several grades 
are given in the following table. 


Daily energy expenditure 
(abo\e basal) 


Calories 

Sedentary life 500- 700 

Light uork — e.g , professional and business- 
men 700-1200 

Moderate work — e.g., mechanics 1200-1500 

Heavy work — eg, laborers, lumbermen, 

athletes, etc 1500-4000 

and upward 


The metabolism during sleep is lower than the basal metabolism by 
from 15 to 20 percent. The lower metabolism of the 8 hours of sleep 
must therefore be taken into account in determining the caloric require- 
ments. The calculations just outlined arc exemplified in the following 
table in which the figures are for a man following a light occupation. 
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Basal raeiabolism (16 hours) ................. 1200 Calories * 

Metabolism during sleep (8 hours) 500 “ 

Allowance for light work 800 “ 

Total 2500 Calorics 


Since the food itself has a stimulating effect upon metabolism (see 
spectffc dynamic action, p. 359), an allowance of from 6 to 10 percent 
must be made in order to establish the energy balance. In the example 
given above, this would amount to between 150 and 250 Calories. If 
this allowance is not made, the subject would lose weight, for his own 
tissues would be drawn upon to furnish the extra heat production asso- 
ciated with the specific dynamic action. 

The basal metabolism of a normal subject can be derived from his 
height and weight (see chart, Fig. 9.3, p. 358). The energy values of 
the various articles of diet are obtained from standard tables, and the 
quantities apportioned accordingly. For example, beef (with a medium 
amount of fat) has an energy value of about 1 300 Calories per pound; 
butter (almost pure fat) yields 3600 Calorics per pound; milk, 325; 
eggs, 765; cheese (largely protein), 2200; sugar, I860; and white 
bread, 1200. Children, owing to their greater activity and the require- 
ments of growth, should receive a more ample diet in proportion to 
their size than that of the average adult A boy of 1 6 years, for example, 
especially if he is growing rapidly and taking part in athletics, requires 
at least as much food as a full-grown man engaged in moderately 
hca^'y work 

The proportions of carbohydrate, Int, and protein. A litUe over SO 
percent of the total caloric requirement should be furnished by carbo- 
hydrate food, about 35 percent by fat, and 1 2 percent by protein. The 
protein m the diet of the average adult should be from 70 to 90 grams 
daily, or around 1 gram per kilogram of body weight. Children, espe- 
cially in the early years of life, require a higher protein intake (2 to 3.5 
grams per kilogram) than do adults, and a larger proportion (60 to 
90 percent) of the total protein should be of the highest biological 
value, such as is furnished by milk, eggs, and meat. In adults receiving 
80 to 90 grams of protein daily, at least 50 percent should be first class, 
as in meat and eggs. If the protein is mainly of low biological value 
vegetable proteins), the total allowance must be larger. 

Fat is an indispensable element of the diet. Fats not only contain fat- 
soluble vitamins, but also certain unsaturated fatty acids (linoleic and 

r This li &boot 40 Caloncs per hour for % in»a having a surface area c( U scjtiare 
metera. 
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hnolenic acids) which cannot be synthesized in the body, yet are essen 
tial for normal nutrition 

The mmeral requirements. Sodium, potassium, magnesium, and 
phosphorus are present in adequate amounts m a diet which is ample 
in other respects and, as a rule, no special attention need be paid to 
them Sodium chlqride, for example, ^ides that which is present nat 
urally in many foodstuffs is added m cooking, and as table salt in quan 
titles determined by individual taste Protein foods constitute the chief 
source of the phosphorus of the diet and, when the allowance of protein 
IS adequate, the phosphorus intake lakes care of itself Potassium and 
magnesium arc derived from cereals and vegetables, and are also pres- 
ent m suflicient amounts m an ordinary diet 

The minerals in which the diet is most likely to be deficient are cal 
cium, iron and iodine The intake of calcium, which enters so largely 
into the composition of bone, is especially likely to be inadequate in 
the diets of children According to Professor Sherman, children require 
at least a gram of calcium per day The adult requirement is about 0 8 
gram daily As a result of the deposition of mineral in the bones of the 
fetus, the demand for calcium increases dunng pregnancy when the 
allowance should be from I S to 2 grams daily The mother should also 
receive a high allowance of calcium after childbirth if she nurses her 
baby at the breast, for the secretion of milk is a severe dram upon the 
body’s calcium stores By the same token milk is especially nch m cal 
emm, containing about a gram per quart Cereals and certain vege- 
tables (such as beans, peas, and turnips) are also good sources of this 
mineral, but the calcium of milk, as compared with that of vegetables, 
IS more readily absorbed Only a small part of the calcium m cereals 
and vegetables is utilized by the body Meat contains mmimal amounts 
Milk IS therefore, especially for children, Che best source of calcium 

Iron is an indispensable constituent of the diet, since it is necessaiy 
for the synthesis of hemoglobin The daily requirement is from 15 to 
20 mg The chief sources of food iron are meats (especially liver), 
eggs, and such vegetables and cereals as spinach, beans and peas, 
whole wheat, and oatmeal Milk is very poor m iron 

Iodine IS an essential constituent of the thyroid hormone, goiter 
(p 412) results when the diet IS deficient in this element Sea foods are 
the chief natural sources of iodine, though many brands of table salt 
(iodized salt) contain small quantities (1 part m 100 000) which have 
been added by the manufacturer The daily requirement of iodine is 
placed at about 100 micrograms * 

■ A microgram or gamma (y) = milligram. 
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There are a number of other mineral elements which are required 
to be taken in minute quantities for special purposes — c.g., the elabora- 
tion of certain hormones and enzymes or for the incorporation into 
particular tissues. Among these so-called "trace elements" are: cobalt 
(in vitamin B,*, p. 74), zinc (in insulin, p. 371), manganese (in tissue 
enzymes), and copper (required in hemopoiesis). attention need 
be paid to these elements in planning a diet since the small amounts re- 
quired are present in a diet adequate in other respects. Traces of flu- 
orine, which is a constituent of osseous and dental tissues, are indis- 
pensable for the formation of teeth of normal structure. The drinking 
water is the most usual source of this mineral. 



CHAPTER 


10 


TIu Endocrim Glands 


Glands such as those of the mouth, stomach, and intestines, which 
deliver their secretions into the alimentary tract, or those such as the 
lachrymal, mammary, and sweat glands, which discharge upon the sur- 
face of the body, are called glands of external secretion or exocrine 
glands. The glands which we are about to consider do not possess ducts 
or any openings to the exterior, their secretions pass into the blood 
stream, and are thus conveyed to the various tissues of the body upon 
which they exert their action. These glands are therefore called endo^ 
crine glands or organs, ductless glands, or glands of internal secretion. 

The secretions of the endocrine glands are for the most part excita- 
tory in their actions, they stimulate the growth and development, or the 
functional activity of certain tissues; internal secretions acting in this 
manner are therefore called hormones (Gk. hormao, 1 excite). The 
term hormone is not, however, restricted to the secretions of the duct- 
less glands. Any substance formed by a tissue of the body and carried 
m the blood stream to act as an excitant to some other tissue or organ 
maybe called a hormone. Thus, secretin (p. 325), pancreozymin, and 
even carbon dioxide (p 254), since it is carried by the blood and 
acts upon the respiratory and vasomotor centers, come into this cate- 
gory. Chalone is an allied term, sometimes used to designate an internal 
secretion having an inhibitory action, such as enterogastrone (p. 314). 

Methods of investigation. Our knowledge of the endocrines has been 
advanced enormously in the past thirty years, and especially within the 
last twenty. The chief methods used m the investigation of endocrine 
function are three in number. First, an extract of the gland tissue may 
be prepared, which is then injected into animals and a study made of 
its effects. Second, a given gland may be excised, and the subsequent 
life history of the animal followed, careful notice being taken of its 
development and growth, or of any unusual feature. Third, studies may 
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be made upon human subjects tn whom one or other gland is known 
to be deficient or overactive The first and second methods are often 
employed together For example, after extirpation of the gland, the 
animal is treated with an extract prepared from the same type of gland, 
observations being made of the power of the preparation to correct the 
defects resulting from the operation This is called the substitiiiion or 
replacement method 

The general chemical nature of the hormones. The active principles 
of the endoenne glands have a complex chemical structure Those of 
the male and female sex glands and of the adrenal cortex belong to 
the large class of fatty and waxhke substances knossn as steroids (p 
373) Their chemical formulae are well known and many have been 
synthesized m the laboratory The hormones of the pituitary gland, the 
parathyroid hormone, and insulin, on the contrary, are proteins, little 
IS known more precisely of their chemical constitution The thyroid 
hormone, thyroxine (see p 412), is an ammo acid 

Potent extracts of a number of ductless glands have now been pre* 
pared These preparations, with the exception of thyroid extract and 
some forms of the male and female sex hormones, are relatively or 
quite inactive when given by mouth, their full effect is exerted only 
when given by injection 

Most of the ductless glands are present m all orders of vertebrates, 
and an extract obtained from the gland of one order exerts, as a rule. 
Its specific effect when administered to a member of another order 
Thus the hormone of the sheep’s thyroid influences the growth and 
development of frog larvae (tadpoles) 


The Thyroid Gland 

The thyroid gland is composed of two /obes which he one on eithi 
sideof the larynx (see Figs 10 land 10 2) Under the microscope, tb 
glandular tissue is seen to be composed of a mass of alveoli (also calle 
acini or follicles) lined by a single layer of cuboidal epithelial cell 
The alveolar cavities are filled with a homogeneous viscous maten; 
called colloid this is secreted by the lining cells and contains the tbj 
roid hormone 

The thyroid is suppLed with nerves, but whether these have ac 
secretory function is questionable It is certain, at any rate, that a hoi 
mone liberated by the pituitary gland (thyroirophic hormone, p 43f 
IS of much greater importance than are nerve fibers m the control c 
thyroid activity 




Fig 10 1 Showina the Pig 102 Microscopic section of normal 
relation of the thyroid thyroid tissue 
gland to neighboring stnic 
tures 

long bones continue to grow in Uitckness but longitudinal growth is 
very slow The administration of thyroid extract after thyroidectomy 
prevents the onset of these effects or, if they have appeared abolishes 
them or at least arrests their progress 
The effects following thyroidectomy in lower orders are even more 
striking Thyroidectomized tadpoles for example do not develop into 
frogs Metamorphosis is at once resumed however upon the addition 
of thyroid extract to the water in which the ihyroidless animals live 
(Fig 10 4) Furthermore, the administration of thyroid extract to nor 
ma! tadpoles causes them to metamorphose in about a third of the usual 
time The effect of thyroid extract upon the axolotl — an aquatic form 
allied to the frog — is still more extraordinary In the adult form this 
animal is purely aquatic in its habits possessing gills a finned tail, and 
four short limbs, suggesting some fabulous gigantic tadpole whose 
metamorphosis, after proceeding so far, has become arrested (Fig 
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10.5). Thyroid feeding causes this creature to lose its gills and fin, (o 
develop air-breathing organs, and forsake the aquatic life of its kind. 

Goiter. This term is applied to chronic enlargement of the thyroid. 
When the enlargement is not associated with any general effects refer- 
able to disturbed function of the thyroid, it is called simple goiter. 
Goiter may, however, be accompanied by underfunctioning or by over- 



Fig 10 3 The cffccls of Ihy- 
rotdectomy on growjh and de- 
velopment. The kid on the 
light was thyrovdectomizcd 
soon after birth, both kids arc 
the same age. (Drawn from a 
photograph after Sutherland 
Simpson ) 


functioning of the thyroid — fiypotkyrouiism and hyperthyroidism, re- 
spectively. 

The histological appearance of the goitrous thyroid varies In one 
ijpe, the alveoli are enlarged, irregular in size and shape, and filled 
with colloid material This is called simple colloid goiter (Fig. 30 6). 
Colloid goiter may progress to atrophy of the secretory cells, and their 
replacement by fibrous tissue; the signs of thyroid deficiency (hypo- 
thyroidism) then make their appearance. In a second type, the cells 
lining the alveoli enlarge and multiply; the wall of the alveolus H 
thrown into folds which project into, and almost obliterate, its cavity. 
This form, which is known as difftae parenchymatous goiter, may be 
associated with signs of increased functional activity of the gland (hy- 
perthyroidism) . In the third type, the gland contains a tumor of thyroid 
tissue (adenoma); the surrounding glandular tissue may be normal 
This form is called adenomatous goiter. It too may give rise to hyper- 
thyroidism. 
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All forms of simple goiter arc due to a deficiency of iodine in the 
food and dnnking water Other forms of goiter, in many instances 
at any rate, are also believed to be due to some deficiency of this cle- 
ment It is, therefore, m regions where iodine is low, such as those far 


A 


B 



Fig 10 4 (.Abo\e) Showing 
the edect of thyroidectomy 
Uf>OQ the metamorphosis of 
tadpoles A thyroidecto 
mized B normal frogs of the 
same hatching (After Allen 
redrawn ) 


Fig 10 5 (fiigftr) Axoloth 
A has not been treated B has 
received thyroid extract Note 
the disappearance of the gtUs 
and fin in the latter 



removed from the sea (which contains large stores of lodme), that 
goiter is prevalent The inhabitants of mountain villages — e g , m the 
Alps, Pyrenees, and Himalayas — have been among the chief sufferers 
Through the ages iodine has been leached from the soils of these re 
gions and, as a consequence, the water and food have a very low lodme 
content In certain parts of North America, especialy in areas near the 
Great Lakes, and m some inland and hilly counties of England, there 
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IS a poverty of iodine and goiter is occasionally seen, even today Since 
the unpoitance of iodine for norma) th^Toid function has been recog 
nized, small amounts of iodine are taken by the population of goitrous 
distncts, as a result of this preventive measum, goiter is much less 



Fig 10 6 Types of goiter as defined by microscopical appearance A colloid 
goner B parenchymatom goiter C adenomatous goner 


prevalent today than in the past Iodine, as we shall see presently (p 
412) IS an essential constituent of the thyroid hormone 

Hypothyroidism [thyroid deficiency) In infants and young children 

thyroid deficiency produces effects essemially similar to those seen in 
animals following thyroidectomy The defects of physical sexual and 
mental development form a characteristic picture to which the term 
creiwism IS applied the child is called a creim These young 'ictims of 
thyroid deficiency are dwarfed to a marked degree and unless the con 
diiion IS corrccicd at an early age by the administration of thyroid ex 
tract or of thyroxine (p 412), their height when they reach aduU age 
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Fig 10 8 Cretinism On /e/t at age of 3i years (before treatment) right same 
subject (after treatment with thyroid hormone) at the age of 7 years (Drawn 
from a photograph after McCuJJagh } 
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may be no greater than that of a normal child of 7 or 8 years. The 
sexual organs do not develop, nor do the secondary characters of sex 
appear. The basal metabolic rate is lowered. Mental growth is, as a 
rule, very seriously retarded; many cretins are imbecile or idiotic, and 
a large proportion are deaf mutes (Figs 1 0.7 to 10.9). The facial fea- 
tures are coarse; the bridge of the nose is depressed; the tongue in 
many Instances is enlarged and, as if too large for the mouth, protrudes 



Fig 10 9 A group of cretins to an institution (After 
Falta ) 


between the hps. The skin of the entire body appears thick and puffy, 
due to the deposition of a gelatinous fluid in the subcutaneous tissues. 
The hair is dry, brittle, and sparse. 

Cretinism is very commonly associated with goiter, and is therefore 
most prevalent in goitrous districts; (or as already mentioned, goitrous 
enlargement may lead to atrophy of the secretory cells. Cretinism, if 
recognized early, can be corrected by continued treatment with thyroid 
extract, powdered thyroid gland, or thyroxine. Almost normal gronlh, 
and sexual and mental development can be induced (Fig. 10.8). The 
longer that treatment is postponed, the less benefit will be derived; if 
the condition has existed untreated for j-ears, little improvement can 
be expected. 

Myxedema. This condition is the result of thyroid deficiency com- 
mencing in adult life. Its general features — namely, the low metabolic 
rate, the thickness and puffiness of the skin (myxedema) from which 
the condition onginally got its name, the scantiness and dryness of the 





THE THYROID GLAND 411 


hair — are similar to those just described for cretinism But inasmuch 
as full development — skeletal, sexual and mental — has been attained 
before the onset of the disease, many of the characteristic features of 
cretinism are absent Myxedematous subjects, though they are apa 
ihetjc and lethargic and Aink slowly, are not mentally defective 



Fig 10 10 Myxedema £.Wi before treatmem wiih thyroid extract Kig/if after 
treatment (Drawn from a photograph after JoU ) 


The myxedematous subject is very quickly restored to normal by 
thyroxine or thyroid extract 

Hyperthyroidism, thyrotoxicosis {overactmty of the thyroid gland) 
Hyperthyroidism occurs m two forms, considered on the basis of the 
microscopical appearance of the gland In the first form, called exoph^ 
thalmic goiter, the whole gland is enlarged The chief features of 
this condition are (a) enlargement of the thyroid (b) elevation of the 
basal metabolic rate, (c) disturbances of carbohydrate metabolism 
(e g , reduction in the glycogen stores hyperglycemia, and glucosuna), 
(d) nervousness and tremor, (c) rapid action of the heart and (f) pro- 
trusion of the eyeballs {exophthalmos, see Fig 10 11) * 

^ Exophthalmos or protrus on of the eyes often to the extent that the whites of 
the eyes show above the ins, is due to the accumulation of fluid (edema) m the 
tissues behind the globes The eyeballs are literally pushed forwaH and may be 
partly dislocated from their sockets ui extreme cases the lids cannot be closed over 
them The surfaces of the eyes then become dry and inflamed and may ulcerate 
Exophthalmos is not due as might be thought to an excess of the thyroid hormone 
Itself, but to the thyrotrophic hormone of the antenor lobe of the pituitary body 
(p •435) » can be produced in thyroidectomt cd animals by the continued adminisfni 
tion of this hormone 
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The name given to this type is 
not always appropriate since Uicre 
may not be exophthalmos and 
this may be present in the second 
form called toxic adenoma m 
which the gland contains one or 
more tumors of thyroid tissue 
(adenoma) surrounded by normal 
appearing thyroid tissue In both 
types the affected thyroid tissue 
shows signs of great activity prc 
senting those features described 
on page 406 as parenchymatous 
goiter 

The thyroid hormone It was 
shown over 60 years ago that the 
thyroid was a gland of internal se 
cretion An English physician 
George Murray in 1891 prepared 
a glycerin extract of sheeps thy 
roids This preparation when ad 
ministered by injection to a subject of myxedema restored him to 
normal within a very short time It was discovered later that thyroid 
tissue dried and powdered and given by mouth was equally effective 
At this time nothing was known regarding the chemical nature of the 
honnone but it was soon found that thyroid extracts contained iodine 
combined with protein This iodine protein compound was called thy 
reoglobulin (or IhyroghbuUit) The active principle of the extract >^as 
later obtained in crystalline form It was shown to contain a large pro- 
portion (60 percent) of iodine it was named thyroxine Thyroxine— 
the thyroid hormone — has since been synthesized It is an ammo acid 
derived from the ammo acid tyrosine and has the following formula 





CH, CH(NH,)COOH 


thyro* ne 


Thyroxine whether prepared from thyroid tissue or synthesized has 
an action identical with that of the dried gland but is much more po 
tent A fraction of a milligram given daily is sufficient to maintain the 
basal metabolic rate of a subject of myxedema at the normal level 
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The thyroid hormone appears to act as a catalyst (p. 290), hasten- 
ing very greatly oxidation in the tissue. When given to a normal ani- 
mal, the metabolic rate is raised and the other signs of hyperthyroidism 
(except exophthalmos) make their appearance. The effects arc not 
observed, however, until the lapse of several hours after the hormone 
has been administered, and are not fully developed until the lapse of 
from 8 to 10 days. But, even though a single dose is given, the effects 
persist for 5 or 6 weeks. 

The production of the thyroid hormone and its discharge into the cir- 
culation are automatically controlled through the hypothalamus and 
the anterior lobe of the pituitary (thyrotrophic hormone, p. 435). This 
controlling mechanism is a very complicated one, several factors are 


Fig 10.12 Diagram to illustrate the 
pnncipal factors contrailing the produc- 
tion and discharge of the thyroid hor- 
mone. Plus and minus signs indicate, re- 
spectively, an increase or a decrease in 
action upon the structure to which the 
arrows point (See text ) TSH « thyroid 
stimulating hormone; TH » thyroid hor- 
mone. Thus, a fall in TH of the blood 
causes increased production of TSH. 



concerned, but probably the most important one is the concentration 
of the thyroid hormone in the blood. A fall in the concentration of 
thyroxine in the circulation stimulates the hypothalamic-pituitary 
mechanism, and more of the thyroid-stimulating (thyrotrophic) hor- 
mone is released from the pituitary. Any tendency for the thyroid hor- 
mone concentration in the blood to increase beyond the body’s re- 
quirements causes a depression of tJtt production of the thyrotrophic 
hormone. Thus the thyroid hormone governs its own production (see 
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Fig 10 12) Ii IS also probable that an excess of thyroid hormone in 
the circulation acts directly upon the thyroid, “backfires” as it were, to 
depress hormone production Furthermore, it is most likely that the 
nervous system, through the hypothalamus, exerts an influence upon 
the production of the thyroid stimulating honnone of the pituitary. 
Summary of thyroid funetton. The thyroid gland extracts iodine from 
the blood together with the ammo acid, tyrosine, and from these syn- 
thesizes Its hormone thyroxine, whose molecule, as will be seen from 
the formula shown above, contains four atoms of iodine (I) Thyrox- 
ine presumably acts upon all tissues as a catalyst, hastening oxidative 
processes It is tempting to attribute the developmental retardation 
caused by thyroid deficiency to the reduction in the rate of tissue oxi- 
dations, but the problem is not so simple as this, for dinitrophenol, a 
drug which increases oxygen consumption by the tissues and raises the 
metabolic rate, is not capable of replacing thyroxine m a subject of 
thyroid deficiency The thyroid, apart from increasing the oxygen con 
sumption, exerts some specific effect upon the tissue cells 


The Parathyroid Glands 

The parathyroid glands are two pairs of small oval structures (about 
a quarter of an inch long) lying in close relation to the thyroid The 
upper pair is situated, one on each side of the mid line, behind the up 



per poles o! the thyroid lobes, 
the lower pair hes behind, or a 
little below, the inferior poles of 
the thyroid (Fig 10 12) Some- 
times the parathyroids, especially 
the upper pair, are embedded in 
the posterior part of the thyroid 
Removal of the parathyroids 
{parathyroidectomy) causes in- 
creased excitability of the neuro- 
muscular tissues, which culmi 
nates m a severe convulsive 
disorder known as tetany The 
manifestations of tetany, as they 
occur in animals after parathy- 
roidectomy, arc as follows (a) 
twitching and spasmodic con- 
tractions of the muscles, which 
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usually increase in violence until the whole body is thrown into convul- 
sions; (b) rapid breathing; (c) acceleration of the heart; (d) rise in 
temperature; (e) death, usually occurring from exhaustion or from 
asphyxia resulting from spasm of the muscles which close the opening 
of the larynx (laryngeal spasm). 

Parathyroid deficiency resulting in tetany is sometimes seen in the 
human subject following removal of the thyroid for goiter, the para- 
thyroids having been inadvertently or unavoidably removed with the 
thyroid, or severely injured. The phenomena of parathyroid deficiency 
in man are usually much less pronounced than those which follow 
parathyroidectomy in animals Twitchings, nervousness, and an oc- 
casional spasm of the facial or limb muscles are often the only mani- 
festations. In other instances, tetany is in a latent form and is revealed 
only by means of special tests or under special circumstances (p 417). 

The function of the parathyroid glan^. Normal blood contains from 
5 to 6 mg of calcium per 100 cc; this is all contained in the plasma, so 
that the concentration of calcium in the plasma (or m the serum, for 


Fig 10 14 The effect of 
parathyroid extract on the 
calcium of the blood m 
parathyroid tetany. A single 
dose of extract was given 
when the serum calcium had 
fallen to 6 mg percent and 
the symptoms of tetany had 
reached their height (After 
Macleod and Taylor.) 



none is removed in the clot) is from 9 to 1 1 mg per 100 cc (i e., 6 mg 
per 100 cc of blood). Parathyroidectomy causes a pronounced fall in 
the serum calcium (hypocalcemia) When the serum calcium level falls 
to about 6 mg percent, tetany appears and increases in severity with 
further reduction m the serum calcium concentration. Injections of 
calcium relieve the condition within a few minutes; there is no doubt, 
then, that calcium deficieni^ and the development of the tetanic state 
are directly related These observations led to the conclusion that the 
parathyroids are concerned in some way with the control of calcium 
metabolism This view of parathyroid function was amply confirmed 
in 1925, by the important discovery made by Professor J. B. Collip. 
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He found that aa extract prepared from the parathyroid glands of cat* 
lie, when administered by subcutaneous injection to parathyroidec- 
tomized animals, raised the serum calcium and abolished all the mani* 
festations of tetany (Fig. 10.14). 

When normal animals are given lepealed doses of parathyroid at- 
tract, the serum calcium is raised above the normal level (hypercal- 



Fjg 10 15 Carpopedal spasm. The posihom of the 
hands and feet in tetany 


cemia ) ; it may be increased to 20 mg or more per 100 cc of serum. The 
excretion of calcium and phosphorus in the urine and feces is inaeased. 
The excess calcium in the scrum is derived from the bones. The skele- 
ton, especially the ends of the long bones, contains stores of calcium 
and, under normal circumstances, these are released by the action of 
the parathyroid hormone. Thus the normal level of calcium in the 
blood is maintained 

Other forms of tetany. Tetany occurs from other causes than para- 
thyroid deficiency. It is not uncommon in young children (infantUe 
tetany), and is then usually an accompaniment of rickets, the parathy- 
roids being very rarely at fault. The serum calcium, however, is low 
and, as in parathyroid tetany, it is the hypocalcemia which is directly 
responsible for the tetanic seizures. Tetany is also seen in osteomalacia 
(p. 395), an adult form of rickets occurring in China and India; in 
sprue, a rare condition associated with defective absorption of calcium 
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from the intestine; and in certmn other conditions but especially in 
alkalosis, which may result from persistent vomiting (loss of HCl), 
forced breathing (excessive elimination of CO*), or the administra- 
tion of large doses of an alkali, such as sodium bicarbonate. 

In the tetany of children, the hands and feet assume characteristic 
attitudes (see Fig. 10.15). This phenomenon is referred to as carpo- 
pedal spasm. Spasm of the laryngeal muscles with asphyxia! attacks are 
common; the child becomes blue (cyanosis), but, presently, the ob- 
struction to breathing is overcome, the air being then drawn into the 
chest with a highpitched “crowing” sound. In other instances, general- 
ized convulsions occur. 

In either infants or adults, the serum calcium is sometimes reduced 
below the normal level, but not quite low enough to bring on a tetanic 
attack, under ordinary circumstances. This is called latent tetany. A 
typical tetanic seizure may be precipitated, however, by some upset in 
the general health. Latent tetany may be detected by the following 
tests: (a) Tapping over the facial nerve in front of the ear causes 
twitchings of the muscles of the (ace, if latent tetany exists. This is 
c^MeAChvostek's sign, (b) Erb'ssign. The muscles show increased ex- 
citability to stimulation by a galvanic cunent (applied to the skin over- 
lying a muscle) . (c) Trousseau’s sign. Tying a tourniquet around the 
arm above the elbow, so as temporarily to occlude the blood supply, 
causes the hand to assume the characteristic attitude. 

Hyperparatfayroidisni (excess of (he parathyroid hormone). In ani- 
mals, overdosage with parathyroid extract causes (besides the hy- 
percalcemia and the increased excretion of calcium and phosphorus, 
already mentioned) very grave effects — e.g., depression of spirits, mus- 
cular weakness, and hemorrhages into the stomach and intestines. 
Death occurs within a few days. If given in smaller doses over a long 
period, softening of the bones, as a result of the removal of calcium, 
results. In man, there is little doubt that excessive amounts of the ex- 
tract would produce similar effects. 

A rare disease, known as osteitis fibrosa cystica, is caused by over- 
activity of the parathyroid glands themselves. A tumor of one or other 
of the four glands is usually present; this secretes excessive amounts of 
the parathyroid hormone into the blood stream, producing effects 
closely similar to those resulting from overdosage with parathyroid 
extract — namely, hypercalcemia, increased excretion of calcium and 
phosphorus in the urine, and softening of the bones, which in some 
cases leads to marked deformity. The bony tissue, which normally is 
dense and contains a high percentage of mineral, becomes demineral- 
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ized and more fibrous in characlcr In places, the bone structure is le 
paced by cavities (cysts) ot various sizes and shapes (see Fir 10 16) 
Renal stones Icalciih) are common m this disease and are due to the 
deposition of calcium excreted in excess by the kidney They ate 
formed from part of the excess calcium brought to the ktdney for ex- 
cretion ° ^ 


The Adrenal Glands (or 
Suprarenal Capsules) 

^Ihe Structures lying, one on each side 

contact with the upper pole of the kidney (Fig 10 17) 
gland measures from I to 2 inches m length The adrenal 

f gland, however, is actually two glands in 
one, for each consists of two functionally 
distinct parts — a central portion which is 
called the medulla, and a surrounding zone 
of tissue called the cortex The cells of the 
medulla give a specific chemical reaction — 
namely, an affinity for the salts of chromic 
acid, by which they are stained brown They 
are therefore referred to as chromaffm cells 
In certain fish (the elasmobranchs) the two 
parts arc quite separate (Fig 10 18) The 
tissue corresponding to the mammalian 
I adrenal medulla is present as several small 

I masses of cells lying m close relation to the 

/ ganglia of the sympathetic chain In man, 

The adrenal ^so, small collections of chromaffin cells arc 
^ *0 be found in close association with the 
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sympathetic ganglia They are known as paragangUa The two parts of 
the adrenal gland have quite different origins, and there is but bttle 
evidence that their functions are closely related The medulla develops 
from a group of cells, split off from the neural crest of the early em- 



Fig 10 18 Adrenal tissue in elasmobranch fish (A), m mammals (B) medul 
lary (chromaffin) tissue black cortical tissue white The small masses of chro- 
maffin tissue lying close to the sympathetic ganglia are the paraganglia 


bryo, to which the ganglion cells of the sympathetic nervous system 
also trace their ancestry It is important to remember this fact m order 
to understand the functions of this part of the gland The cortex, on the 
other hand arises from the multiplication of cells m close relation to 
those from which the sex glands (testes and ovanes) are developed 
A microscopical section of the adrenal cortex is shown m Figure 10 19 
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The cellular structure of this part 
of the gland shows three distinct 
zones — an outer (zona gfomeru- 
losa), a middle {zona fasciculata), 
and an inner lying next the me 
dulla {zona rettcularis) 

Hie functions of the adrenal me* 
duUa. Over 60 years ago (1894), 
two physiologists in Edinburgh 
(Professor Schafer and Dr Oliver) 
showed that an extract of the ad- 
renal medulla caused a pronounced 
rise in blood pressure when injected 
subcutaneously or intravenously 
The active principle of the extract 
was later isolated in pure crystal 
line form and finally synthesized 
It was named epinephrme, but ad- 
renalme is the name more com- 
monly used today Adrenaline is 
related to the amino acid, tyrosine, 
It has the following structural for- 
mula* 

OH 

HO.( ^ ^ CH(OH) CH, NHCHi 


of medulla dullo is prepared commercially, and 

IS marketed under various names — 
adrenalin,* suprarenin, etc — depending upon the manufacturer It 
was discovered a few years ago that the adrenal medulla contained an- 
other hormone which was similar to but not identical with adrenaline* 
This was named noradrenaline or norepinephrine The commercial ex- 
tract is, therefore, a mixture of the t^\o hormones The description 
which follows applies to the actions of the commercial extract 
Actions of a commercial extract of the adrenal medulla The fisc m 
blood pressure following the injection of a commercial extract of the 
adrenal medulla (Fig 10 20) is the result of constriction of the small 


* Adrrnahn aj a name for a commercial extract u spelled wiihout liie terminal 
e When referred to di a separate hormone It u spelled with the e 
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blood vessels (arterioles) , chiefly of the skin and abdomen. The vessels 
of the heart (coronaries) and of the skeletal muscles are dilated by the 
extract. The heart is slowed; this action is the reflex result of the rise in 
blood pressure (Marey’s law, p. 190); for if the vagus nerves are first 
cut, the heart is accelerated. The quantity of the extract required to 
cause cardiac acceleration is minute. The denervated heart — that is, 
the heart completely isolated from nervous control by interruption of 
the vagus and sympathetic pathways — is increased in the rate of its 



Fig. 10.20 Showing effect of adrenaline upon intestinal con* 
tractions. A, and blood pressure. B 1 cc of 1 m 10,000 adren* 
aline soluuon injected at X. (Modified from Jackson ) 


beating by as little as I part of the material in 1,400,000,000 parts of 
blood. The denervated heart therefore provides the most sensitive test 
object for detecting the presence of adrenaline m blood or other fluid. 

Other effects produced by an extract of the adrenal medulla are 
inhibition of the movements of the intestine, and contraction of the py- 
loric, iliocolic, and internal anal sphincters. It relaxes the .smooth mus- 
cle of the bronchioles, thus causing dilatation of these parts of the 
bronchial tree. It is, therefore, of great value in relieving spasm of the 
bronchioles in attacks of asthma. It inhibits the wall of the urinary 
bladder, but causes contraction of the ureter, and of the sphincter of 
the bladder. In most animals, the uterus contracts under its influence. 
It dilates the pupil of the eye and contracts the smooth muscle of the 
skin through which the hairs or feathers are elevated. It exerts a favor- 
able effect upon the contraction of skeletal muscle; an isolated muscle 
subjected to repeated stimulation fatigues less readily if treated with 
the extract (Fig. 10 21). 
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An extract of the adrenal tneduUa also raises the metabolic rate, 
this IS spoken of as its calongenic action It increases the sugar con’ 
lent of the blood by causing an increased breakdown m the liver of 
glycogen to sugar The decomposition of muscle glycogen is also ac 
celerated, lactic acid being produced which, escapmg into the circula 



Tig 10 21 ShoMinc the elTect of Adrenaline IQ postponing muscular 
fatigue Note the increase in the heicht of the contractions folloi^ing 
each injection of adrenaline 


tion, raises the level of the lactic acid in the blood The lactic acid is 
earned to the liver and there reconverted to glycogen These effects 
in their relation to the carbohydrate cycle are shown m the follow 
ing scheme 

Muscle glycogen 


Blood 
Lactic acid 






- Blood glucose 


Liver glycogen 


Adrenaline hastens the clotting of blood, but this effect is brought 
about only if the hormone is injected into the body It exerts no effect 
upon the clotting process when added to blood after it has been sh^ 
— -I e , when added to blood in a test tube. This difference in the ac 
tion of adrenaline upon the clotting process withm and outside the 
body suggests that the hormone acts in the former case, not directly, 
through some other tissue or organ acting as an intermediary 
e nature of the intermediary is unknown 
ost of the effects listed above as following the administration of 
u a renal extract can be produced by stimulation of sympathetic 
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nerve 6bers. Indeed, the actions of the hormones of the adrenal 
medulla may be summed up by saying that they imitate the effects of 
sympathetic excitation. This remarkable sympaihomimetic action is 
perhaps not so surprising when we recall that the adrenal medulla 
and sympathetic nerve cells have a common origin (p. 419). See also 
p. 566. 

The actions of adrenaline and noradrenaline compared. Informa- 
tion concerning the separate actions of adrenaline and noradrenaline is 
not yet complete, but the following comparisons can be drawn. Nor- 
adrenaline is a general vasoconstrictor, showing little or no selective 
action in respect to different sets of blood vessels, whereas adrenaline, 
while it constricts the cutaneous vessels, dilates the coronary vessels 
and the vessel of the muscles. Its effect upon the vascular system as 
a whole is dilatation, the vasodilator action overshadowing the vaso- 
constriction. The peripheral resistance (Chap. 4) is therefore re- 
duced. Since the overall effect of noradrenaline is vasoconstriction, 
it increases the peripheral resistance. The action of a commercial 
extract upon the heart is a pure adrenaline effect, noradrenaline hav- 
ing no effect upon cardiac action. The effect upon plain (smooth) 
muscle — stomach, intestine, bronchioles, etc — is also due mainly to 
adrenaline; noradrenaline has but little effect upon smooth muscle, 
nor does the latter hormone act to postpone the fatigue of skeletal 
muscle. The effects of the extract upon carbohydrate metabolism and 
upon heat production (calorigenic action) are chiefly due to adren- 
aline. 

The emergency theory of the function of the adrenal medulla. By 
a great number of ingenious experiments. Professor Cannon and his 
several associates at Harvard University have demonstrated that the 
hormone of the adrenal medulla serves an emergency junction It 
reinforces the action of the sympathetic nervous system to raise the 
defense mechanisms of the body against the dangers and rigors of the 
environment to a high level of efficiency These workers experimented 
with cats in which the heart had been denervated by cutting the vagus 
nerves and excising the stellate ganglion of the sympathetic chain 
which gives rise to or transmits the sympathetic fibers to the heart.* 
It was found that fright (caused by a barking dog), exposure to cold, 
asphyxia, the administration of an anesthetic, pain, or muscular con- 
traction caused acceleration of the heart. Since the cardiac accelera- 
tion could not have been caused by nervous influences, and did not 

* The heart receives directly a few liben from the sympathetic chain below the 
stellate ganglion which must also be severed to completely denervate the heart 
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occur after removal of the adrenals, U must have been due to the 
action of adrenaline discharged from the animal’s own adrenal glands 

Under quiet, resting conditions the blood contains only a negli 
gible amount of adrenaline, about one part in one or two billion, but 
dunng states of excitement or any of the conditions just mentioned 
about 004 mg per kilogram of body weight may be discharged from 
the glands per minute It is believed, therefore, that the adrenal me- 
dulla functions only under circumstances which demand some special 
e^ort on the part of the body, as when an animal is defendmg itself or 
running down its prey, fleeing from danger, or exposed to cold It will 
be rec^Ied that the reactions of an animal under such circumstances 
— c g , the bristling of fur or the ruffling of feathers (caused by the 
contraction of the smooth muscle m the skin), the dilatation of the 
pupil, the acceleration of the heart, and, m certam cold blooded spe 
cies, the contraction of the melanophores (pigment cells) of the skin 
— are characteristic of sympathetic stimulation or of adrenaline ad- 
ministration Other physiological adjustments which increase the effi- 
ciency of the body to the maximum in times of stress — such as the 
mobilization of sugar from the liver (fuel for muscular work), the rise 
m blood pressure, and the diversion of blood from the skm and splanch 
me region to the vessels of the brain, heart, and contracting muscles, 
the dilatation of the bronchioles, and the postponement of muscular 
fatigue — are brought about through the sympathetic nervous system, 
as well as by the hormone of the adrenal medulla The increased co- 
agulability of the blood caused by adrenaline would also seem to be a 
part of the general defense reaction, for should a wound be sustained, 
bleeding will be more quickly staunched 

The secretion of the adrenal medulla is under the control of the 
sympathetic nervous system Stimulation of the splanchnic nerve causes 
the liberation of adrenaline, and prolonged stimulation causes ex- 
haustion of the adrenaline stores It is a very interesting and significant 
fact, m view of the functional relationship between the adrenal me- 
dulla and the sympathetic nervous system, that the fibers to the ad- 
renal, unlike any other sympathetic fibers, do not form connections 
with ganglion cells but pass directly to the cells of the medulla The 
adrenal cell thus appears to take the place of the sympathetic ganglion 
cell A center, controlling adrenal secretion, is situated in the medulla 
oblongata A higher center is present in the hypothalamus, and in the 
cerebral cortex 

When the blood pressure raising (pressor) effect of adrenal extracts 
uas first discovered, it was naturally suggested that the adrenal glands 
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were responsible for maintaining the normal arterial blood pressure. 
The fallacy of such an idea is proved by the observation that destruc- 
tion of the medullary tissue of both adrenals is not followed by a fall in 
blood pressure. Animals subjected to this operation show no abnor- 
mality. The adrenal medulla then, unlike the adrenal cortex, is not 
indispensable. Nor is there any evidence that so-called high blood pres- 
sure (essential arterial hypertension) is due to the secretion of exces- 
sive amounts of adrenaline However, a rare type of arterial hyperten- 
sion, which occurs usually in paroxysms, is caused by the secretion of 
excessive amounts of adrenaline and noradrenaline. Certain tumors 
composed of adrenal tissue, or hypertrophy of the adrenal medulla it- 
self, are associated with such hypersecretion of the hormones. 

Sympathin. It has been shown by Professor Cannon and his col- 
leagues that the sympathetic nerves bring about their effects through 
the medium of a chemical substance (or substances) liberated from 
their terminals. This substance, though resembling adrenaline in its 
actions, was found to differ in certain respects. In view of its origin at 
sympathetic nerve endings, it was called sympathin. It was later con- 
cluded that there were two such substances, one excitatory, the other 
inhibitory. It now appears that the first of these, which was named 
sympathin E, is noradrenaline and the second or sympathin I is adren- 
aline. 

The functions of the adrenal cortex. Animals die in from 10 to 15 
days after complete removal of both adrenal glands. We have seen 
that excision of the adrenal medulla alone is not fatal; the cortex, 
therefore, is the part of the gland which is essential to life. If one sixth 
or so of the total amount of adrenal cortical tissue Is left, the animal 
survives; this part of the gland must, therefore, produce a highly potent 
hormone. 

During the time that the animal survives after double adrenalectomy, 
the following effects are observed: (1) loss of appetite, vomiting, fall 
in blood pressure, muscular weakness and, just before death, profound 
prostration; (2) subnormal body temperature and reduced basal meta- 
bolic rate; (3) concentration of the blood, due to a loss of plasma 
water; (4) reduction in the sodium chloride of the blood and a rise in 
the potassium, calcium, phosphate, and nonprotein nitrogen; (5) hy- 
poglycemia; (6) signs of renal failure. 

Foremost among the functions of the adrenal cortex is the influence 
that it exerts upon the metabolism of water and salts. In the absence 
of the adrenal cortex, sodium and water are excreted in excessive 
amounts, whereas potassium escapes into the body fluids from the 
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tissue cells, where normally it is m relatively high concentration Ex 
cretion of this mineral by the kidneys is also impaired, its concentra 
tion, therefore, rises m the blood and other tissues 
The adrenal cortex also exerts an influence upon carbohydrate me 
tabolism which is due to a hormone other than that controlling the 
metabolism of water and salt 

Destructive disease of the adrenal cortex, usually of a tuberculous 
nature, occurs m man The manifestations of this condition, which is 
known as Addisons disease are similar to, though less acute than 
those just described as resulting from adrenalectomy in animals The 
disease if untreated, is gradually progressive, death occumng within 
2 or 3 years A bronze or dirty gray discoloration of the skin, which is 
not seen as a rule, in animats after adrenalectomy, is a prominent fea 
lure m Addison’s disease The skin may be mottled, pale areas of 
depigmentation lying adjacent to overpigmented areas Anemia and 
gastrointestinal disturbances are also outstanding features of adrenal 
insufficiency in the human subject The pigmentation is due to an in 
crease m the normal pigment (melanm) of the skin The disturbances 
in water and salt metabolism already described as occumng m adre 
nalectomized animals are prominent features 
Addison’s disease is treated by the administration of a hormone 
(usually desoxycorticosteronc cortisone or both see below) obtained 
from the adrenal cortex (or prepared synthetically) in combination 
with a diet high in sodium content and low m potassium 

The active principles isolated froni the adrenal cortex. Several active 
principles have been extracted from the adrenal cortex and prepared in 
crystalline form Chemically they all belong to the class of fatty or wax 
like substances known as steroids (p 372) and are referred to col 
lectively as corticoids They are basically similar in molecular struc 
ture to the sex hormones A hormone was isolated from the adrenal 
cortex some years ago by Dr E C Kendall of the Mayo Foundation 
It has a long chemical name^ but is known more briefly as Kendalls 
compound E More recently, owing to the possible confusion with 
vitamin E it has been designated cortisone It was discovered by 
Dr P S Hench and his associates of the Mayo Clinic that this pnn 
ciple exerts a most favorable effect upon the course of chronic (rheu 
matoid) arthritis and acute rheumatic fever 

The physiological action of cortisone is upon the redundant connec 
tivc tissues (collagenous fibers) surrounding the affected joints This 
pnnciplc has also been employed m affections of the skin associated 
* 17 Hydroxy U-dchydrocorttcosterone. 
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with disorders of the collagenous tissues. Besides the diseases men- 
tioned, it has been used in a wide variety of pathological slates (e.g., 
leukemia, asthma, multiple enlargement of lymph nodes, etc ), some- 
times with considerable benefit, though the improvement is usual/y 
only temporary. The mode of action of cortisone in many of these dis- 
orders is not clearly understood. The secretion of cortisone, like that of 


Tobfe 10-1 
The eoriieoids 


Name 

Corticosterone 
1 1 -Desoxycorticosterooe 

Aldosterone 

1 l-Dehydrocorticosterone 
17-Hydroxycorticosterone 

17-Hydroxy-l I-dehydrocorticostcrone 
(cortUone) 

1 7-Hydfoxy-I l-desoxycorticosterone 


Principal actions 

On carbohydrate, protein, and fat 
metabolism; antagonizes the 
action of insnhn. 

On Water and mineral metabo- 
lism, increases the retention of 
sodium and the excretion of 
potassium 

Similar to preceding but more 
pronounced 

On carbohydrate metabolism 

On carbohydrate metabolism; on 
connective tissues, antirheu- 
malic. 

On carbohydrate metabolism; on 
connective tissues; antirheu- 
matic 

On connective tissues; antirheu- 
matlc. 


other hormones of the adrenal cortex, is under the control of the 
adrenocorticotrophic hormone (ACTH) of the pituitary body. So far 
as is known, the latter hormone is the sole means whereby the function 
of the adrenal cortex is controlled. Unlike the adrenal medulla, the 
liberation of its hormones is not regulated by nerves. 

Among the other steroid principles obtained from the adrenal cortex 
are corticosterone and desoxycorticosterone. The former exerts its 
chief action on the metabolism of caibohydrate, causing the formation 
of sugar from protein, increase in the glycogen stores, and hypergly- 
cemia. The action of desoxycorticcKterone is directed mainly to the 
metabolism of sodium and potassium, increasing the retention in the 
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body of the former, and stimulating the 
renal excretion of the latter. More re- 
cently, a hormone has been isolated 
from the adrenal cortex that has a much 
more powerful effect upon salt metabo- 
lism than has desoxycorticosterone. It is 
called eleclrocortm or aldosterone; like 
desoxycorticosterone, it causes the re- 
tention of sodium and the excretion of 
potassium, but, as just mentioned, to a 
much more pronounced degree. The 
principal coriicoids and their actions are 
given in Table 10-1. 

The adrenal cortex also contains the 
female sex hormones estrone and pro- 
gesttn, as well as one with male hor- 
mone activity known as adrenosterone. 

The adrenal cortex is relatively rich 
m cholesterol and in vitamin C (ascor- 
bic acid) The former is probably the 
chief substance from which the steroid 
hormones of the adrenal are synthesized 
in the body. The concentrations of both 
these substances are reduced when the 
Fig. 10 2Z Child aged 41 atonal cortex is stimulated, as by the 
years suffenng from adrenal adrcnocorticotrophic hormone of the 
tumor. Note the Bond “beefy” pituitary (p. 435), to liberate its hor- 
opiSr ofif" "><>■■“ But the role played by vimmiu 

turns. (Drawn from a photo- C with respect to the function of the 
graph after Guthne.) adrenal cortex is unknown. It is not es- 

sential for the production of the hor- 
mones, for they continue to be formed in animals who have been 
rendered severely deficient in vitamin C 

Other functions of the adrenal cortex. The adrenal cortex performs 
other functions besides those just described Several observations sug- 
gest that it influences the development of the sex functions. Enlarge- 
ment of the adrenal cortex, for example, or tumors of cortical tissue 
sometimes occur, accompanied sexual abnormalities. In children 
with such growths, precocious development of the sexual organs and 
of the secondary sex characters (see p. 444) is seen; these subjects 
often also show unusual muscular development for their age, and 
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sometimes an abnormally “beefy” florid face. Such an appearance has 
prompted the comparison with “a burly brewer’s drayman” (Fig. 
10.22). Little girls, subjects of this disease, also show precocious sex- 
ual development, and in appearance resemble stout women in minia- 
ture. Menstruation may occur as early as 3 or 4 years of age. Women 
who are the victims of cortical enlargement or tumor become obese, 




Fig 10 23 Vinltsm due to a tumor of tfae adrenal cortex On /«/r, at age of 24 
yeara; oa rtght, at age of 32, about one year after the onset of the disease 
(Drawn from photographs after Hare, Ross, and Crooke ) 

and masculine in appearance; hair grows upon the face and chest, and 
their disposition tends toward "manmshncss ” This condition is re- 
ferred to as virilism (Fig. 10 23). 

The cortex of the adrenal, as well as the medulla, appears to play 
a role in states of stress, for when such a state as exposure to extreme 
cold, hemorrhage, bacterial infection, or severe mechanical injury is 
suffered by an animal, the output of the adrenal cortex is increased. 
See also Cushing's disease, page 444 

The Pituitary Body or Gland 
(Hypophysis Cerebri) 

Development and structure. The pituitary gland is connected by a nar- 
row stalk, called the neural stalk or infundibulum, to the base of the 
brain just behind the optic chiasma. In man it is an ovoid body and 
measures a little over half an inch in its longest diameter. It is lodged 





THE PfTUITARY GlAND ^31 


behind the natural line of cleavage offered by the cleft is called the 
posterior lobe. The latter term, therefore, includes both the pars inter- 
media and the neurohypophysis. A part of the tissue of Rathke’s pouch 
also extends upward as far as the hast of the brain, where it covers a 
mass of nerve cells in this situation known as the tuber cinereum. This 
part of the pituitary, which — having the same origin as the anterior 
lobe — is usually included with it, is called the pars tuberalis. As devel- 
opment proceeds, the connection of the pituitary with the mouth cavity 
disappears, but that with the base of the brain persists and, as men- 
tioned above, is called the neural stalk or infundibulum. 

The nomenclature of the parts of the pituitary is confusing owing to 
varied designations which different authors from time to time have 
adopted The different terms are given in the following table, with the 
names in most common use today given first and the older terms in 
small brackets. 


From the mouth 
cavity 

Ongin 

From the base of the 
brain; floor of 3rd 
.cerebral \xntricle 


'Adenohypophysis (pan distalis, pan glandulans,n Anterior 
pars antenor] J lobe 

Pan tuberalis 
.Pan intermedia 

INeurohypophysis (neural lobe, pan nervosaj Postenor 
.Neural stalk (infundibulum] lobe 


The adenohypophysis consists of cords of cells separated by rela- 
tively wide blood channels (sinuses) The cells are of three main types, 
(a) those which are stained poorly by ordinary dyes — chromophobe 
cells; (b) those which stain with acid dyes — acidophil (alpha) cells; 
and (c) those which stain with basic dyes — basophil (beta) cells (see 
Fig. 10.25). 

The posterior lobe of the pituitary receives numerous fibers from 
nerve cells situated in the region of the brain near the origin of the in- 
fundibulum (see hypothalamus, p. 541 ). A few nerve fibers have been 
traced into the anterior lobe, though it is believed that they are not 
secretory, but entirely vasomotor in function The structure of the 
neural lobe is quite different from that of the anterior lobe. It contains 
nerve fibers, spindle-shaped cells called pituicytes, neuroglial cells, and 
hyalme bodies. These latter are cells filled with a clear homogeneous 
material; their function is doubtful, though they are believed by some 
to furnbh the active principle of the posterior lobe secretion. 

The {unctions of the anterior lobe. The functions of the anterior lobe 
of the pituitary are many. The growth of the skeleton, the development 
of the sex glands, and the activity of the thyroid, adrenal, and para- 
thyroid glands are dependent upon this part of the pituitary. Within 
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the last 1 5 years or so the antenor lobe has been the object of intensive 
investigation A number of separate active principles or hormones, 
each of which exerts its specihc effect when injected into animals has 
been obtained by the extraction of anterior lobe tissue It has been 
aptly termed the master gland of the endocnne system (see Fig 10 48, 
p 455) Its hormones are protein in nature 



Pig to 25 Microscopical sectioo of the adeoobypophysis 

The pituitary principles which upon injection give relatively pure 
effects, and are probably distinct and separate hormones, are as fol- 
lows 

(1) The growth hormone 

(2) The ihyrolrophic hormone (TTH) 

(3) The adrenocorticotrophic hormone (ACTH) 

(4) and (5) Two gonadotrophic hormones (FSH and LSH) 

(6) Prolactin 

Certain effects other than those produced by the foregoing more or- 
less pure principles can be produced by relatively crude (unfractioned) 
extracts of the anterior lobe These effects arc 

(1) Diabetogenic 

(2) Glycotropic 

(3) Ketogenic 

(4) Parathyrotrophic 

(5) Pancreotrophic 

Arrest of skeletal growth follows removal of the pituitary (hypo- 
physectomy) from young animals, and the sex glands do not develop. 
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Fig 10 26 Curves showing the ef- 
fect upon the growth of rats of daily 
injections of an extract of the antenor 
lobe of the pituitary Upper curve. 
treated animals, lower curve, untreated 
litter mate sisters (After Evans ) 



the thyroid and cortex of the adrenal atrophy The daily transplanta- 
tion of anterior lobe tissue into the hypophysectomized animals is fol- 
lowed by the resumption of growth, by the regeneration and normal 
development of the atrophic testes or ovaries, and restoration to normal 
of the adrenal cortex and thyroid gland The effects of hypophysec 
tomy can be corrected also by antenor lobe extracts, and extracts havt 
been prepared which will abolish one or other defect caused by bypo- 
physectomy but leave the others almost or quite uncorrected That is 
to say, extracts more or less pure m one or other of the pituitary hor 
moncs as listed above are now available. These extracts are also 
capable of causing their respective effects in normal animals 
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Fig 10 28 Tbe effect of an extract of the anterior lobe of the pitui 
tary upon the growth of the dachshund Normal dog above dog of 
same litter behw, injected (Drawn from a photograph after van 
Dyke ) 



Fig 10 29 The thyrotrophic honnone Section of thyroid from 
normal guinea pig on the left (hat of litter mate treated with 8 mg 
of antenor lobe substance on right Note the greatly increased 
ccllulanty of the latter and the infolding of the foUicular walk 
(After Van Dyke ) 
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Young rats treated daily with a purified growth hormone attain a 
sizfcncarl) double that of untreated animals of the same litter (Figs 
10 26 and 10 27) The characteristic cfTecl of the growth hormone 
has also been demonstrated on puppies (Fig 10 28) 

The thyotropbic^ hormone (TTTl) exerts its effect upon the thy 
roid gland An animal receiving an extract containing this hormone 
shows marked hypertrophy and increased activity of the thyroid gland 
and in consequence, a rise m the basal metabolic rate (Fig 10 29) 



ng 10 30 Showing efTcci of hypophyscctomy upon the 
sac of ihe adrenal Adrenal from an hypophysectomizcd 
animal on the nghi from normal an mal on the ttfi Note 
lhal ihe effect «» exened chefly upon the cortex (After 
P Smith ) 


The adrenocoriicotrophtc hormone (ACTH) maintains the func 
tional activity of the adrenal cortex It stimulates the elaboration and 
output of cortisone and the other corticoids (see Fig 10 30) 

The gonadotrophic hormones arc cssenlial for the normal develop 
ment of the gonads and for the production of the respective sex hor 
mones of the male and female animaf They wiH be considered m fhe 
section on the sex hormones (p 449) Prolactin which stimulates the 
secretion of milk will also be dealt with in that section 
The diabetogenic and glycotropic effects appear to be due to differ 
ent pnnciples m anterior lobe extracts A crude extract given over a 
period of days produces a permanent diabetes — hyperglycemia gly 
cosuna increased production of unne (polyuna), thirst and wasting 
The glycotropic effect is a (eniporaiy hyperglycemia and glycosuria 

• Jl has been recommended that the suffix tropic derived from the Greek trope 
(a lommg) be changed lo trophic from the Creek iroph? (nourishment) on the 
grounds that the latter more correctly expresses the action of these p tu taiy pnne pies. 
The end ng tropic is used in such words as geotropic hcHotropic glycotrop c etc 
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This action is antagonistic to that of insulin The effect upon carbo- 
hydrate metabolism exerted by the anterior lobe of the pituitary can 
also be demonstrated by the following experiments 

(a) Hypophysectomy, by removing the source of the sugar raising 
principle, results in a fall m the blood sugar (b) Excision of the 
pancreas alone (removal of the source of insulin, p 370) causes 
hyperglycemia and the other signs of diabetes, but if the pituitary is re 
moved as we)!, Inde or no rise m blood sugar occurs, there may, m- 
deed, be hypoglycemia when the animal is fasting The transplantation 
of antenor lobe tissue into such a pancreatectoraized hypophysecto- 


Fig 1031 Showing the ef- 
fect of pituilnn upon the ar- 
terial blood pressure BJ*, 
carotid blood pressure white 
square indicates the in;ecliQn 
of OJ cc pituunn (After 
Hemng ) 


mized animal causes the appearance of the usual effects of pancreatec 
tomy A pituitary extract with an effect upon carbohydrate metabolism, 
but entirely free from growth effects, has not been prepared It is 
probable that the dia betog enic effect is simply a roanif estation_of,the 
growth hormone 

The Ketogenic effect is evident when an antenor lobe extract is in 
jected into a fasting aiumal, or better, into one on a diet of fat when 
ketone bones — acetoacctic and and p hydroxybulync acid — appear m 
relatively high concentration m the blo^ and urine Associated with 
the ketogcnic effect arc a reduction m body fat and increase in the fat 
of the liver 

The relationship between the pituitary and parathyroid glands is 
rather indefinite but it docs appear that the master gland exerts an m 
fluence upon the activity of the parathyroids (parathyroirophic effect) 
The effect of a crude anterior lobe extract upon the pancreas is more 
definite, and following the administration of such an extract, the 
growth of the insulin producing cells (islands of Langerhans p 323) 
m the pancreas is stimulated This is the so-called pancreotrophlc 
effect 
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The physiology of llie posterior lobe. An extract of the posterior 
lobe of the pituitary has been used in medicine for a number of years. 
It is sold under various trade names — e g., piluiirin, infundin, etc. It 
produces the following effects when injected subcutaneously: 

(a) A rise in arterial blood pressure occurs as a result of general 
vasoconstriction (Fig. 10.31). This action differs from that of an ex- 
tract of the adrenal medulla, for all vessels — cutaneous, muscular, 
coronary, etc. — are constricted alike, there being no relationship be- 
tween its effects upon various structures and those caused by sym- 
pathetic stimulation. 

(b) Contraction of the smooth muscle of the uterus, intestine, gall 
bladder, urinary bladder, and ureter, as well as of that m the walls of 

Fig. 10.32 Melano- 
phores of frog's skin 
A, fully expanded, B, 
partially contracted, 

C, fully contracted — 
i e., collection of pig. 
ment at centers of the 
cells (Redrawn from 
Hogben ) Below, en- 
larged views of a mel- 
aoophore, expanded 
on the left, contracted 
on the rtght The 
branching processes 
are invisible in the lat- 
ter because they con- 
tain no granules 

the follicles and ducts of the mammary gland The contraction of the 
uterine muscle is called its oxytocic action The potency of a posterior 
pituitary extract is assayed by testing its oxytocic action upon the ex- 
cised uterus of a virgin guinea pig It is for this effect that the extract 
is most often employed in medicine, being administered in the later 
stages of labor to stimulate uterine contractions. It is also used to 
stimulate the muscle of the intestinal wall and thus to relieve trouble- 
some abdominal distention, especially after operation upon the abdo- 
men. The effect of pituitary extract upon the mammary gland is called 
its galactogogue action (Gk. gala Igalact — ), milk -f- agdgos, drawing 
forth), for it causes the expression of milk from the follicles and along 
the ducts to the surface of the nipple. This is not a true secretory ef- 
fect — that is, a production of milk by the gland cells — ^but merely an 
expression of preformed milk from the alveoli and ducts by the con- 
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traction of smooth muscle fibers surrounding these structures The 
commencement of the milk Row in cows at milking time, and what 
farmers speak of as the ‘ lelting down ’ of the mdk, is thought to be due 
to the galactogogue principle 

(c) Reduced production of urine — antidiureiic effect (p 281) 

(d) Hyperglycemia glucostina and reduction of liver glycogen 

(e) Expansion of the mclanophores in the skin of various kinds 
of cold blooded vertebrates The skm of the frog is abundantly sup 
plied with mclanophores These arc irregularly shaped cells possessing 
several branching processes and granules of a dark pigment (Fig 
10 32) The processes of adjacent cells interlace with one another to 
form n rich network The pigment at one time may be concentrated 
near the center of the body of the cell the next moment the granules 


may migrate and fill the processes 



Fic 10 33 Upper drawing A the 
color of a normal frog B the same frog 
afier the injection of an extract of the 
postinor lobe of the pitutary (Re 
drawn from Hot,bcn ) 2?e/oK the elTt« 
of hypophysvctom) upon the color of 
t idpolcs A hypophyscctomizcd B nor 
mai 


1 the former event the skin is pale, 
in the latter it IS dark the move* 
menis of the pigment granules, 
and the consequent darkening or 
lightening of the skin depend 
upon the illumination of the en 
vironmenl thus by changing its 
color to match its surroundings 
the animal is rendered less con 
spicuous to its enemies An injec 
tion of pituitnn causes the gran 
ules to move into the branching 
processes the animal then be 
coming a deep brown or green 
(Fig 10 33) Hypophysectomy, 
on the contrary, by removing the 
supply of posterior lobe pnnci 
pJe results m permanent pallor 
of the skin Blinding the animal 
as by sealing its eyes with wax, 
also abolishes the skm responses 
so long as the eyes arc closed 
The skin color remains unaltered 
in light or shade The cftecls are 
evidently initiated by light re 
Rexes and are brought about m 
the following way The pituitary 
secretes the melanophore-cx- 
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pandmg principle conimuousl)» so long as no hghi, or light of low 
intensity, falls upon the retina, the skin is Ihen dark Retinal illumma- 
tjon, on the other hand, sets up ncr\c impulses which suppress tem- 
poranl} the pituitar) secretion, the skin, therefore, bci^mcs pale 
Man) species of fish and certain lizards and toads possess a similar 
mechanism for altering the depth of color of their skins in conformity 


ng 10 34 An example of 
gianijsm Taiher on /ii.hi 
and boy on Uji are of aver 
age height 


with the illumination of their immediate environment The pigment 
granules m some forms arc red {erythrophores), in others yellow 
(xanthop/tores) 

The several effects of posterior lobe extract arc due. not to one, but 
to at least three and possibly four, distinct principles A short time ago 
two substances in the form of white powders were separated from the 
relatively crude posterior lobe extract (pituitnn) These are known as 
pitressin and pifocm (or oxytocin) TTic former is vasoconstrictor 
(pressor), intestine stimulating, and antidiurctic in action, the latter 
contains the uterine stimulating (oxytocic) principle Both raise the 
sugar of the blood The melanophorc expanding effect is caused only 
by pitressin, though it appears that this effect is due to a separate prm 
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ciple which is merely associated as a contaminent with pitressin; there 
is convincing evidence that it is a separate hormone elaborated by the 
pars intermedia, and has been named intermedin. Indeed pitressin and 
pitocin are far from being pure substances, and it is possible that the 
antidiuretic effect of the former is also due to a distinct hormone. 

Disorders of the pituitary in man. Giantism and acromegaly — hy’ 
perpiiiiitarism. The great stature of those persons whom one sees in 



Fig. 10.35 Acromegaly. (Dra\va from a photograph after Lisser and Gold- 
berg.) 


circuses or occasionally reads about in the daily papers is caused by 
overactivity of the anterior lobe of the pituitary. Some of these giants 
are between 8 and 9 feet tall (Fig. 10.34), Of course, general over- 
growth of the skeleton can occur only if the hyperpituitarism com- 
mences during the normal period of growth. Hypersecretion of the 
growth hormone of the pituitary after adolescence does not cause an 
increase in stature. Nevertheless, the stimulating effect of the hormone 
upon growth is seen in the bones of the face, hands, and feet This con- 
dition, resulting from hyperpituitarism in adult life, is called acromeg- 
aly (Gk. acron, extremity -f- megas (mego/-), large); the appearance 
of a person suffering from it is characteristic. Tlie nose and lower jaw, 
especially the latter, arc abnormally large and prominent, and the 
forehead unusually massive (beetling) where it ordinarily forms a 
slight eminence above the eye sockets. The skin of the face is thick and 
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coarse. There may be overgrowth of hair upon the chest; in women 
hair may appear upon the face. There are often signs of overproduc- 
tion of other hormones of the anterior lobe of the pituitary — e.g., hy- 
perthyroidism (thyrotrophic hormone), signs of overstimulation of 
the sex functions (gonadotrophic hor- 
mones), or hyperglycemia, glucosuria, and 
other diabetic manifestations (diabetogenic 
principle) . The disease is gradually progres- 
sive (see Fig. 10.35). In most instances a 
pituitary tumor composed of aci^phil cells 
Is found after death. 

Dwarfs — hypopituitarism. Deficiency of 
the anterior lobe secretion in childhood pro- 
duces dwarfism. There are two mam types 
of pituitary dwarf. In one type, the diminu- 
tive body is of normal proportions, or rather, 
shows the proportions of the normal young 
child, the head being large, relatt>ely, to the 
rest of the body (see Fig. 10 36). These sub- 
jects may or may not show failure of sexuatT 
development. This variety of dwarf is usu- 
ally intelligent, and not unattractive in ap- 
pearance; it is referred to as the Lorain /ype. 

The midget of the circus belongs to ^is 
group. 

In the second type of pituitary dwarf, the 
chief features, other than the stunting itself, 
are obesity and arrested sexual develop- 
ment. Children affected by this pituitary dis- 
order are often subnormal merrtalVy, usually 
lethargic or somnolent, and have large appe- 
tites, especially for sweets. The fat boy of 
Pickwick Papers was undoubtedly an exam- 
ple of this disorder. The condition is called 
dystrophia adiposogenitalis or Frohlich’s type of dwarfism. Diabetes 
insipidus often accompanies this condition. It is thought to be due to 
destructive disease involving the neurohypophysb or the base of the 
brain in the region of the origin of the pituitary stalk (hypothalamic 
region), together with deficiency of the growth hormone of the an- 
terior lobe (see Fig. 10.37). 

Essentially the same disorder occurs in adolescents or adults but. 



ot pituitary dwarf, age 
21 years. Man on the 
right 5 feet 7 inches. 
(Drawn from a photo- 
graph after Lisser.) 
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of course, dwarfing js absent The obesity is often extreme the sex 
functions are suppressed When it occurs in the male, the fat has a 
femimne distribution — that is, over the hips, thighs and chest, the 
skin is smooth and soft, the hair is scarce or absent from the face and 
body, but fine and plentiful on the head, such persons tend toward ef 
feminacy m temperament and disposition (see Figs 10 38 and 10 39) 


Fig 10 39 Adiposity in a fe- 
male rat (on left) following par- 
tial destruction of the pituitary 
by the injection into it of chro- 
mic acid hypothalamus also 
probably injured Litter mate 
normal female rat on the right 
(Drawn from a photograph after 
P Smith ) 




Pituitary cachexia or Stmmonds disease This is a rare but very 
grave disease of the pituitary more commonly affecting women It is 
due to atrophy of the anterior lobe occurring in early or middle adult 
life The manifestations of the condition are those of a premature se 
nility For example a young woman giving every appearance of 
healthy youth may within 5 years or so show all those features which 
one ordinarily associates with old age The skin becomes dry, sallow, 
and wrinkled, the hair gray and sparse the body emaciated, and the 
sexual organs atrophic, menstruation ceases The bones are frail and 
appear to dimmish gradually m size Hypoglycemia (due to deficiency 
of glycotropic principle) often occurs Mental changes ultimately su 
pervene In a large proportion of cases the changes m the pituitary 
which lead to this grave condition follow pregnancy 
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Rg. 10 40 Cushing's disease. 


Cushing's disease or syn- 
drome, Hypersecretion of the 
adrenocorticotrophic hormone 
of the anterior lobe of the pitu- 
itary causes a state first de- 
scribed by Dr. Harvey Cushing 
of Boston. It is marked by obes- 
ity involving the face and trunk, 
but not, as a rule, the limbs 
The face is round and the fea- 
tures almost obscured by fat, 
the so-called “moon face.” The 


back of the neck is heaped up with fat, an appearance referred to as 
“buffalo neck " There may be hypertension. TTiis disease may not only 
result indirectly from a pituitary disorder affecting the adrenal cortex, 
but may be caused by hypertrophy or a tumor of the adrenal cortex 
occurring as the primary disease. 

Diabetes insipidus. This is the name given to a disorder character- 
ized by excessive thirst and the passage of large quantities of veiy di- 
lute urine. The urine has a specific gravity of around 1001 to 1002, 
and may have a daily volume of over 20 liters. The disease Is due to a 
lesion involving any part of the hypothalamico-pitultary mechanism — 
namely, the hypothalamus, the posterior lobe of the pituitary, or the 
nerve fibers descending from fhe hypothalamus to the posterior lobe. 
Failure of the secretion of the antidmtelic principle of the neural lobe 
is quite evidently the cause of the excessive production of urine (poly- 
uria) Administration of posterior lobe extract (pituitrin) temporanly 
relieves the condition For a period of several hours after a single dose 
has been given by hypodermic injection or sprayed into the nostrils, 
the urine is reduced in volume and much less dilute (see also Chap. 7). 


The Sex Glands or Gonads 

The sex glands or gonads of the female are called the ovaries, those of 
the male, the testes (see Chap. 14) The gonads are also referred to 
2 S (he primary organs of sex.The uterus. Fallopian tubes, and vagina of 
the female and the epididymis, seminal vesicles, prostate, and penis of 
the mate arc called the accessory organs of sex. Those changes which 
make their appearance at the time of sexual maturity (puberty), and 
which in many species distinguish at a glance the male from the female, 
arc known as the secondary sex characters. In the human subject these 
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include the growth of hair upon the pubis and in the axillae of both 
sexes, the bass voice and beard of men, and the development of the 
breasts of women. The large comb, wattles, spurs, and tad feathers of 
the domestic cock (rooster) and the antlers of the stag are other ex- 
amples of secondary sex characters. 

Excision of the sex glands, whether of the male or female, is called 
castration. Excision of the female gonads is also termed ovariectomy, 
or spaying. The effects of castration upon the male have been known 
from ancient times. When this operation is performed upon the male 
chicken (cockerel), the secondaiy sex characters do not appear; sex 
instinct is suppressed. The body weight of the castrated birds, which 
are known as capons, is greater, however, than that of uncastrated 
males of the same age. Castration of young stags prevents the develop- 
ment of the antlers. In boys who have been castrated before the age of 
puberty (a practice even of modern times, in certain countries), the 
larynx does not develop, and the voice remains high pitched, the ac- 
cessory organs of sex do not mature, and the secondary sex characters 
fail to appear. The operation exerts an effect upon fat deposition, the 
subjects tending toward obesity. The proportions of the skeleton are 
also altered, the bones of the lower limbs tending to be abnormally 
Jong in relation to the trunk. That the gonads are endocrine organs is 
shown by the fact that the effects of castration in animals can be pre- 
vented by grafting tissue of the excised gland into some other part of 
the body. Any influence which the transplanted tissue can then exert 
upon other tissues must, obviously, be solely through the blood stream. 

The sexual phenomena of (be mature female. The organs of sex in 
both the male and the female animal mature at a definite age which 
varies in different species. At this time, which is called puberty, the 
reproductive functions commence. Sex desire is aroused and mating 
occurs. The reproductive period extends throughout the greater part 
of the animal’s life; it ends with atrophic changes in the sex organs and 
the gradual suppression of sexual activity. In the human species, pu- 
berty occurs at from 13 to 15 years of age, usually being a little earlier 
in girls than in boys The secondary sex characters already described 
now make their appearance. 

In the majority of animal species, the female will receive the male 
only at a certain period or periods of the year. These so-called mating 
seasons are characterized by certain sexual phenomena which are gen- 
erally referred to by animal breeders as "heat” and by physiologists as 
estrus (also spelled oestrus). Estnis, and the sex phases immediately 
preceding and following it, are together referred to as the estrus cycle. 
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The phase preceding estrus is called procstnis that following it posies 
trus The changes during proesttus consist of swelling and increased 
vascularity of the vulva and vagina The uterus becomes enlarged and 
Its glands hypertrophy In some animals, at this time, bleeding occurs 
from the uterus and appears eKternally The changes of proestrus arc 
preparatory in nature, the female organs being brought into a condi 
tion suitable for the reception of the male and the fertilization of the 
ovum The Graafian follicles in the ovary (p 648) are undergoing 
maturation Estrus itself is the period during which ovulation occurs 
and the female will mate The changes occurring during postestrus are 
anticipatory to the implantation of the fertilized ovum m the uterus 


OVULATlOK 

I FosttsrmiS 

OESTRUS 1 



Fig 10 41 Diagram of the estrus cycle (Modified after Corner ) 

The utenne mucosa hypertrophies and its glands show increased se 
cretory activity During postestrus the corpus luteum is developing 
The utenne changes m postestrus resemble those taking place during 
pregnancy which indeed, are an extension or continuation of the 
former 

In a number of animals the postestrus preparation of the uterus for 
the implantation of the fertilized ovum — i e , for pregnancy— is a very 
prominent fealure of the estnis cycle Postestrus in such species is 
therefore called pseudopregnancy If fertilization of the ovum by a 
sperm cell occurs, the utenne changes of postestrus merge into those 
of pregnancy If fertilization does not result, the uterus returns to its 
resting state and all sexual activity subsides until the commencement 
(proestrus) of the next estrus cycle 

Some animals, such as the dog arc called monestrous since a single 
estrus cjcle occurs m each mating season The term aneslrus is applied 
to the quiescent periods intervening between the mating seasons In 
other species such as the cow, mouse, and rat, two or more estrus 
cycles occur during each mating season, such animals are termed poly 
estrous The intcnal elapsing between any two estrus cycles is then 
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tenned diesirus and the period between mating seasons, as in the case 
of raonestrous animals is called anestrus 

The phases of the estrus cycle m a monestrous animal are shown in 
the following scheme and in Figure 10 41. 

Proestnis 

1 

1 

Estrus — ovulation 

I 1 

Pregnancy or Pseudopregnancy (postestrus) 

_ 

Anestrus 

The menstrual cycle The rhythmical series of changes in the se;? 
organs, which occurs about every 28 days throughout the reproductive 
life of women, is analogous to the estrus cycle of lower animals It is 
called the menstrual cycle (L mens month) In one phase of the men 
strual cycle uterine bleeding occurs This phase is referred to as men 
struation or the menstrual period it has a duration of from to 5 days 
Ovulation occurs about midway between the menstrual periods — that 
IS, somewhere between the thirteenth and seventeenth days following 
the commencement of the bleeding (see Fig 10 42) 

Though, as just mentioned the menstrual cycle corresponds to the 
estrus cycle, the two differ m this respect bleeding which is a promi 
nent feature of the former, is absent or inconspicuous in the latter It is 
not possible to say to what phase of the estrus cycle (whether to pro 
estrus or postestrus) menstruation itself corresponds Since bleeding in 
certain species occurs in proestrus, it has been assumed by some that 
such bleeding is analogous to menstruation others have thought that 
menstruation corresponds to the end of postestrus — that is, to the 
breakdown of the uterine mucosa built up dunng postestrus There are 
objections to both these vicnvs 

Conspicuous histological changes occur in the uterine mucous 
membrane (endometnum) dunng (he menstrual cjcle Though these 
changes have been very mmutclj described and divided into stages, it 
will sufiice to give a brief outline here The endometnum becomes 
thicker and more vascular, the small arteries become tortuous and 
coiled m a corkscrewhke fashion, the surface epithelium h)'pertrophies 
The glands of the mucous membrane elongate and show secretory 
activity The hj'pertrophy of the epithelium and the vascular changes 
are due to the action of estradiol (follicular phase of the cycle), the 


epc 
S o 

« rt 

s « 




Fig 10 42 Diagrain of the menstrual cycle Note :he thickening of the mucosa 
the increasing tortuosity of the vessels and glands as progestin production in- 
creases Breakdown of the mucosa with menstrual bleeding occurs as the corpus 
luteum degenerates or retrogresses 


hand, the ovum is not impregnated by a male sex cell (spermatozoon. 
Chap 14), It degenerates as does the corpus luteum The hypertro- 
phied endometrium cannot be sustained m the absence of the latter, 
Its epithelium is shed, and bleeding (menstruation) then occurs Men- 
struation, therefore, is the sign that a fertilized ovum has not become 
implanted in the uterine mucous membrane, m other words, the preg- 
nancy has not commenced After from 3 to 5 days of menstrual bleed- 
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ing, repair processes restore the surface epithelium, the vascular and 
glandular activities of the endometrium subside, and the uterus returns 
to the resting condition, the menstrual cycle has been completed 
The first menstrual cycle commences at puberty Toward the end 
of the reproductive period, the cycles become irregular and finally 
cease, usually between 45 to 50 yeare of age, the cessation of the 
menstrual cycles at this tune is called the menopause It is accom- 



Fig 10 43 Section of a portion of an ovary showing Graafian fol* 
tides in various stages of development 


panied by atrophic changes m the ovaries and the accessory organs of 
reproduction Psychic phenomena, depression or irritability are com 
mon during this period Instability of the vasomotor system, causing 
sudden flushing of the face, and a sensation of warmth — hot flushes — 
are of frequent occurrence 

Ovarian hormones. The phenomena of the estrus and menstrual 
cycles, described in the preceding section, are dependent upon hor- 
mones produced in the ovary The Graafian follicles of the ovary in- 
crease m size during proestrus (or, in the human subject, m the phase 
of the menstrual cycle immediately foUowmg menstruation) and be- 
come filled with fluid, the ova enlarge and approach maturity A hor- 
mone called estradiol or the follicular hormone * is produced at this 

« Other substances closely simSar chemically and possessing the physiological 
activity of the follicular hormone have been obtained from the ovanes as well as 
from female urine and other body fioids and tissues Estrone (also known as thee 
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time by the cells lining the follicles. When a follicle reaches maturity, it 
ruptures and discharges the ovum. This event, called ovulation, occurs 
in animals during estrus, arid in vvonicn midway between the menstrual 
periods — that is, about 18 days after menstruation. The cells lining 
the ruptured follicle then multiply and form a mass or body called the 
corpus luteum {yellow body), for the cells composing it contain a yel- 
low, fatly material known as lutein. The corpus luteum replaces the 
small blood clot which filled the follicle immediately after its rupture 
and the discharge of the ovum. The corpus luteum is virtually a small 
temporary ductless gland (see Figs 10.42 and 10.43), for it produces 
an internal secretion — the hormone of the corpus luteum This is more 
commonly referred to as progestin or progesterone. The latter is a 
chemical term and is used more especially when referring to the hor- 
mone in pure ciystalUne form. 

Estradiol is responsible for the changes in the accessory organs of 
reproduction dunng proestrus and estrus, for the psychic phenomena 
of estrus, and for the development of the secondary sex characters 
(p. 444 ) of the mature female. It is, therefore, sometimes called the 
female sex hormone, and corresponds to the male hormone elaborated 
by the testes (p. 45 1 ) • As already mentioned, removal of the ovaries of 
a young female animal prevents it from becoming sexually mature. The 
accessory organs fail to develop, estrus does not occur, the secondary 
sex characters do not appear, and the sex instinct is never manifested. 
Injections of the female sex hormone into such an animal correct all 
these effects of ovariectomy. On the other hand, young immature ani- 
mals treated with estradiol show precocious sexual development. The 
role played by estradiol in pregnan<^ and parturition is described in 
Chapter 14. 

TTie hormone of the corpus luteum — progestin or progesterone— 
prepares the uterus for the reception of the fertilized ovum. It is re- 
sponsible for the uterine changes characteristic of postestnis or pseudo- 
pregnancy, and for the development of the placenta — the organ which 
enables the embryo to receive nourishment from the mother during 
pregnancy (p. 670). For example, if a pregnant rabbit is castrated 

im). which differs from estradiol In chetqical structure to a minor eslcnt, was for- 
mercly thought to he the naturally ocaimng hormone produced by the maturing 
Graafian follicle Cstrsdiol has been synthesized and has also been Isolated in crystal- 
line form from the unne of pregnant women 

Eitrln is an earlier term given to the follicular hormone before Its chemical struc- 
ture was fully known It B still m use as a philological term but carries no precise 
chemical meaning Estrogrn is another name with a purely physiological connotation. 
It Is applied to any agent, whether of biologKal or other origin, which is capable of 
inducing estrus and often other effects of the follicular hormone 
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(ovariectomized) early in pregnancy or it the corpora lutca are ex- 
cised, the embryo dies and is expelled from the uterus (aborUon). The 
hormone ot the corpus luteum can be prepared most conveniently 
from hog’s ovaries. This preparation, when injected into ovariecto- 
mized animals after they have become pregnant, permits pregnancy to 
continue to full term. Normally, if fertilization of the ovum occurs, 
the corpus luteum continues to increase in size until tbe later months 



Rg 10 44 Cells of seminal vesicles of rat. Left, of normal ani- 
mal. middle, 3 uecks after castration; ri^ht. of castrated animal 
after daily injections of male hormone. 


of pregnancy, its hormone exerting a constant influence upon the 
growth and functional integrity of the placenta. On the other hand, if 
the ovum remains unfertilized, the life of the corpus luteum is short. 
After exerting ns hormonal influence for a time and causing the uterine 
changes characteristic of pseudopregnancy, it undergoes degeneration. 
In the human subject, changes in the uterine mucosa occur after ovu- 
lation analogous to those of pscudoprcgnancy but, again, failure of 
the ovum to become fertilized is followed by degeneration of the corpus 
luteum. The uterine mucosa then reverts to its resting state; it is at this 
time that menstruation occurs (sec Figs. JO 41 and J0.42). 

Progestin also brings the mammary glands to full maturity durini* 
pregnancy, induces multiplication of the uterine muscle fibers, and int 
hibits contractions of the uterus (sec Chap. 14). 

The male hormone — testosterone. In 1 929 McGcc obtained the male 
hormone in crude form by the extraction of bull’s testes with acetone 
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This preparation was shown to cause tlw growth of the comb and wat 
ties of the castrated cockerel (capon) and to bring about the normal 
development of the accessory organs (penis, seminal vesicles, and pros 
tate) of castrated male rats (Figs 10 44 and 10 45) In immature rats 
treated with the extract, the accessory sex organs develop and sexual 
maturity is reached prematurely 
The extract also stimulates the 
comb growth m hens and inhibits 
ovulation — masculinizing effect 
More recently, the hormone 
has been obtained m crystalline 
form from testicular tissue This 
purified material is called lestos 
terone, and has the empirical 
formula C,DH»#Oa The hormone 
has also been obtained in crys 
lalhne form from male urine 
Chemically, this latter material 
differs slightly from testosterone 
and has been designated androsterone its activity is also much less 
(one seventh to one tenth) than that of testosterone The male hor- 
mone does not appear in the urine of boys until after the tenth jear 
but oddly enough it is present in the urine of normal women The male 
hormone belongs with the ovarian hormones, to the class of sub- 
stances known as steroids (p 372) Both testosterone and androstcr 
one have been synthesized in the laboratory from cholesterol This 
suggests the possibility that the male hormone is formed in the body 
from this substance, which is a constituent of nearly all animal tissues 
Cells m the interstitial tissue of the testes — the so-called cells of 
Leydig — are generally believed to manufacture the male hormone 
That these cells and not the spcrmaiogenic cells (p 656) are respon 
stems tviicni Irom the fact that castration effietis do not 
irradiation of the testes with x rays which destroys the spermatogenic 
cells but leaves the cells of Leydig unaHected 

The relation of the anterior lobe of the pituitary to the sexual func- 
tions — gonadotrophic hormones. The anterior lobe of cither the male 
or female pituitary contains two hormones which act upon the gonads 
In the female one of these gonadotrophic hormones stimulates the 
growth and maturation of the Graafian follicles in the ovary Thus in 
directly this hormone causes the production of the follicular hormone 
It IS called the follicle stimulating hormone (FSH) of the anterior 



Fig 10 45 Castrated cockerel (capon) 
on left note (he undeveloped comb and 
wattles Capon after receiving daily m 
jections of male hormone on right 
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pjtuitaiy The other gonadotrophic hormone of the pjtuitaiy acts upon 
the second phase of the ovarian cycle — i e , it stimulates the growth of 
the corpus luteum This gonadotrophic hormone is therefore known 
as the luteinizing hormone (LH), or as the lutein stimulating hor- 


Fig 10 46 A, 
showing the effect of 
hypophyscctomy on 
the uterus of rabbits, 
of norma] animal on 
left of hypophysec- 
tomized animal on 
right B showing the 
effect of an extract 
of the anterior lobe 
of the hypophysis 
upon the ovary, un 
treated on Ufi after 
a period of daily in 
jections on right 



mone (LSH) ^ It therefore, through its stimulating effect upon pro 
gestm formation indirectly causes the changes m the uterine mucosa 
characteristic of pseudopregnancy and of the corresponding phase of 
the menstrual cycle, or, if pregnancy ensues, of the development of 
the placenta (cf p 670) Both gonadotrophic hormones, whether de- 
rived from female or male pituitaries, produce analogous effects upon 
the testes The follicle stimulating hormone acts upon the elements of 
the testes corresponding to the lining cells of the Graafian follicles — 

r The growth of the corpus luteum after it has been formed and lU maintenance 
in a functioning state depends not upon the lutein stimulating hormone but upon 
another pituitary hormone Thu has been given the name of the luteoirophic nor 
mone It now appears, however that it is simply prolactin (p 454) 
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namely, the spermatogcnic cells The luteinizing hormone stimulates 
the interstitial cells of Lcjdig (Chap 65) On this account it is also 
known as the interstitial cell stimulating hormone, abbreviated ICSH 
Removal of the pituitary is followed by atroph) of the gonads and 
secondarily, of the accessory sex organs (Figs 10 45 10 46 and 
10 47) Transplantation of tissue 
of the anterior lobe or injections 
of anterior lobe extracts prevent 
these otherwise inevitable icsiiUs 
of hypophysectomy The anterior 
lobe of the pituitary is therefore 
ultimately responsible for the sex 
ual development of the male or 
female animal The phenomena 
of puberty — namely, the develop* 
Hg 10 47 The eftec, of hjpoph n.hnt and roatural|On of the goo 

ysectomy on the testu of hypoph ^ds and, through the intermediary 
ysectomized raton/e/r of normal rat of the hormones liberated by the 
after via ‘oko 'oner 'h= growth of the acctssoiy 

^ organs of sex and the detelop 

ment of the secondary sex characters — are dependent upon the gonado 
trophic hormones 

Prolactin the lactogenic hormone The anterior lobe of the pituitary 
also liberates a principle which stimulates milk secretion in the mother 
after the bulh of the young This hormone is called the lactogenic 
principle or prolactin It is obtained from the pituitary by extraction 
with an acid solution If the pituitaiy is removed late m pregnancy 
only a small quantity of milk is secreted after the young are bom and 
the secretion soon dries up This hormone evidently also exerts an in 
fluence upon the maternal instinct for hypophysectomized animals 
do not care for their young like normal mothers Furthermore, injec- 
tions of prolactin arouse the maternal mstinet in young virgin tats 
they commence to build a nest from straw wool or other soft material 
which they can gather 

Prolactin is also responsible for the growlh of the corpus luteura 
during pregnancy (see footnote p 453) 

The liberation of prolactin from the hypophysis and its stimulating 
action on the secretion of milk coincide so closely with the termination 
of pregnancy that curiosity must naturally be aroused concerning the 
mechanism underlying such accurate timing* Many details of the 

• Some le-reUon of mUk two the {i4l ties of iht mammary gland occura before 
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Iieved to be due, at least in part, to the release of the galactogogue pnn 
ciplc and the resulting stimulation of the smooth muscle in the walls of 
the milk follicles and ducts During pregnancy progestm is m high 
concentration in the blood and, according to some investigators, this 
depresses prolactin production but, when toward the end of pregnancy 
a rather abrupt reduction in the blood 
content of this hormone occurs pro 
laciin liberation follows automatically * 
The acUons of the various hormones 
of (he anterior lobe of the pituitary 
body are summarized in Figure 1048 
71ie hormones of the pbcenta The 
placenta contains two hormones One 
of these is estradiol, the other, called 
by Collip the anterior pitiiilarylike 
(APL) prmciple, acts upon the ovary, 
stimulating the growth of the corpus 
luteum It also stimulates, though to a 
slight extent, the maturation of the 
Graafian follicles The estradiol found 
C common caroiisl artery, H, m the placenta is apparently manu 
lery^T^h^us^ factured by this organ, and does not 

^ simply represent a store of the hor 

mone produced by the ovary This conclusion is justified by the ob 
servation that m pregnancy large quantities of the follicular hormone 
continue to appear in the unne, though the ovaries have been re 
moved APL also appears m the urine of pregnant women This fact 
is the basis for a well known test for pregnancy Two German workers, 
Aschheim and Zondek, found that the injection of a small quantity 
of urine of a pregnant woman info a young (sexually immature) 
mouse caused within 100 hour the following effects 
(a) The onset of estrus 



Fig 10 49 Showing the rda 
tion of the thymus to the tho 
raac vucera and great vessels 


(b) Small hemorrhages mio some of the Graafian follicles 

(c) The formation of corpora lutca 

* In certain abnormal stales of the hypophysu associated wiib overactivliy of the 
antenor lobe such as acromegaly fnilk may be secreted in the absence of preg* 
nancy or even m males This o due presumably to the producoon and liberation of 
prolactin Also the mammary glands €>f fterwwjm infants of either sw someumes 
secrete milk This was long known as **svitchs milk" and « now alinbuted to pro- 
lactin in the infant s circulation derived from the blood of the mother before birth 
The action of prolactin upon the cre^ glands of doves and pigeons >s of especial 
interest These glands secrete a creamy matenal with which the birds feed th«t 
young The crop glands of virgin pigeons milarge and secrete an abundance of crop 
milk when iniected with a potent preparaiiOB of the lactogenic hormone. 
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The Aschheim-Zondek test for pregnancy is almost infallible; its 
error is only about 1 percent. The close resemblance between the ef- 
fects of the urine of pregnancy and those of the gonadotrophic prin- 
ciples of the pituitary, led Aschheim and Zondek to the conclusion that 



Fig to SO Microscopical section of a follicle of the 
thymus 

during pregnancy the pituitary principles were produced m excess and 
excreted in the urine. It is now generally agreed, however, that the 
characteristic effects of the urine of pregnant women are due to a sin- 
gle substance, and that it is not derived from the pituitary, but is the 
anterior pituitarylike principle (APL) of the placenta 


The Thymus 

The thymus lies behind the upper part of the breast bone and extends 
upward for a short distance into the neck. Below, it lies in relation to 
the base of the heart and the great vessels (Fig. 10.49). It is of rela- 
tively large size in the infant, but commences to shrink at about the 
age of puberty and, by adult life, it Is reduced to little more than a 
vestigial structure. In the infant, it is soft and pink When sectioned, 
it is seen to be made up of a large number of lymph follicles, in each of 
which an outer zone or cortex and an inner zone or medulla can be 
distinguished (Fig. 10.50). The cortex is composed of masses of lym- 
phocytes supported by a meshwork of slender branching cells. The 



-<58 THE ENDOCRINE GLANDS 


medulla also contains lymphocytes but in much smaller members, and 
the meshwork is coarser It also contains peculiar bodies called Has- 
sail’s corpuscles, formed of cpitheliallike cells arranged concentrically 
around a mass of granular cells 

Many functions have been attributed to the thymus Though proof is 
lacking, It 15 concerned m all probability with the production of lym 



Fig lOJl Diagram to show po- 
sition of ihe pineal gland 1, cere 
bral hemisphere. 2 corpus cal 
{osum 3. pineal, 4 third ventricle 
of the hrain 5. optic chiasma, 6, 
pituitary 7 pons 8 midbram 


phocytes The structure of the cortical portion of its follicles suggests 
such a function Several endocrine functions at one time or another 
ha\c been attributed to it, but most of the theories which have been 
advanced are based more upon conjecture than upon fact. 


The Pineal Body 

The pineal is a small body lying deep in the brain under the shelter of 
the posterior extremity of the corpus callosum fp 510 see also Fig 
10 51) Though us structure suggests the possibility that it serves 
some endocrine function there is no reliable evidence that such is 
the case. 



CHAPTER^,, 

TJie Physiology of Nerve 
and Muscle 


The structure of the nerve fiber. A nerve fiber is the elongated exten- 
sion of a nerve cell whose body is situated in the central nervous sys- 
tem (brain or spinal cord), or in an outlying ganglion (of the sympa- 
thetic gangliated cord or of a posterior spinal nerve root). (Sec also 
Chap 12). Some nerve fibers transmit messages (e.g., of touch, pain, 
sound, light, etc.) from the periphery to conscious centers and give 
rise to the respective sensations. They arc, therefore, sensory in func- 
tion Others carry messages to the muscles, causing them to contract; 
these are therefore called molar nerve fibers. Certain nerves are com- 
posed entirely of sensory fibers; some contain only motor fibers; others, 
again, contain both types of fiber, and arc called mixed nerves (see also 
Fig. 12.2. p 508). The peripheral nerves — that is, the nerve trunks 
distributed to the various parts of the body — are constituted of nerve 
fibers, often in great numbers, bound together into a variable number 
of bundles. Each bundle is surrounded by a connective tissue sheath 
called the perineurium. The individual fibers are enveloped in turn and 
separated, each from its neighbor, by a thin covering of- connective 
tissue known as the endoneurium. Finally, the entire nerve trunk is 
enclosed and separated from other structures by a thick connective 
tissue sheath called the epineurium (sec Figs. 1 1. 1 and 11,2), 

The message transmitted by the nerve fiber is called the nerve im- 
pulse; its nature will engage our attention later. 

The nerve fiber, then, whether in a peripheral nerve or in the central 
nervous system itself, is the conducting unit of the nervous system, and 
may be compared to a single wire in an electric cable or in the central 
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exchange of a telephone system Nerves which transmit impulses from 
the periphery to the nerve centers are called afferent those which trans 
mit impulses in the opposite direction are called efferent Now, of 
course, all sensory nerve fibers arc afferent, but not all afferent fibers 
are sensory, for some transmit impulses which make no impression 
upon consciousness — they arouse no sensation Similarly, all motor 
fibers are efferent but not all efferent fibers are motor, since certain 



Fig 111 Cross seclion of a portion of a peripheral nenre The small 
Circles represent the nerve fibers 


fibers of the autonomic nervous system terminating in glands are se 
cretory m function 

Each fiber entering into the composition of the motor and sensory 
nerves consists of a delicate filament of protoplasm — the axis cylinder 
— ensheathed by a layer of fatty material called myelin 

Nerve fibers which possess a sheath of this fatUke substance, and 
they constitute the great majonty comprising the tracts m the central 
nervous system and in the peripheral nerves, are called myelinated or 
mediillated fibers Fibers which have no myelm sheath such as the 
postganglionic fibers of the autonomic nervous system, arc called 
amyelmated or nonmedullated fibers 

The layer of myelin enveloping the axis cylinder — the myelin 
sheath — is enclosed in turn by a very thin, transparent nucleated 
membrane known as the neurilemma or sheath of ScliHann The my* 
elm sheath is interrupted at regular intervals, at these points the neu 
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nlcmma djps sharply toward, and 
comes almost into contact with, the 
axis cylinder These interruptions 
give the impression of a senes of 
equally spaced constrictions along 
the nerve fiber, they are called the 
nodtrs of Ranvier The axis cylinder 
contains a number of fine thread 
like strands known as neurofibrils 
which run throughout its length (see 
also p 506) The endoneunum, 
mentioned on page 459 encloses the 
nerve fiber lying immediately out- 
side the neurilemma 

The myelin sheath is believed by 
some physiologists to serve as in 
sulation and thus to prevent the pas 
sage crosswise of the impulses from 
fiber to fiber Others consider that it 
IS chiefly nutritive in function and 
that Its metabolic processes are 
closely related to those of the axis 
cylinder There is no conclusive evi 
dence to support either of these 
ideas 

The myelmization of nerve fibers 
IS a progressive process and does not 
occur simultaneously m the various 
types of nerve It is not complete at 
birth Its completioii appears to com 
cide with the establishment of function The tracts of the spinal cord 
supplying voluntary nerve fibers to the lower limbs for example are 
not fully myelinated m infants until about the second year or about 
the time that the child has learned to walk The association tracts of 
the brain are myelinated still later, whereas myelmation of the sensory 
tracts of the cord occurs early (fourth month) in fetal life 

Nuclei are to be seen in the neunlemma at fairly regular intervals, 
one to each section of nerve between the nodes of Ranvier The sheath 
of Schwann is absent from the fibers of the central nervous system and 
from the fibers of the optic nerve Its presence is absolutely essential 
for the regeneration of an interrupted nerve fiber (p 464), fibers m 



Fig 112 Drawing to show 
the structure of a nerve fibsr in 
longitudinal section and in cross 
section at two levels 
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the situations just mentioned, therefore, once their continuity has been 
destroyed as a result of disease or mechanical injuiy, are never re* 
generated 

Degeneration of nene. Since the nerve fiber is simply the elongated 
process of a nerve cell, its nutntion depends upon its remaining a part 
of tbe cell When, therefore, a nerve fiber is divided or crushed, de 
generative changes begin almost at once m the section distal to (i e , 
on the side away from the body of the cell) the point of injury These 
changes, as they occur in a peripheral nerve, were first described by ' 


N0R1UL NERVE 
FIBER 2 ^^ 
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Fig 113 Degcnefjtion of nerve Nerve injured at X 


Waller, a physiologist of the last centtny, and are usually referred to 
as iVallerian degeneration The first alteration in the fibers of the nerve 
appears within 24 hours after the injury The neurofibnis m the axis 
cylinder become wavy or tortuous, and then break up into sections 
Next, the mycUn sheath swells and droplets of myehn appear (Fig 
1 1 3) The myehn itself undergoes decomposition into its constituents 
— fatty acids, etc Finally, usually within two or three weeks following 
the injury, the debris resulting from the degenerative process is cleared 
away, nothing remaining of the nerve fiber but an empty tube — the 
neunlemma which remains intact The nerve fiber on the proximal 
side of the point of division (i e , on the side toward the nerve cell) 
also degenerates as far as the first node of Ranvier, and even the body 
of the cell itself may show degenerative changes (retrograde degen 
eration), consisting of the disappearance of the Nissl bodies (p 507) 
and shrinkage of the nucleus 

The degenerative changes just described arc readily detected by 
treating the tissue with a suitable stain and examining ihm sections of 
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it beneath the microscope. Most of the knowledge which we possess 
of the origin and course of the various fiber tracts m the brain and cord 
(Chap. 12) has been gained from experiments upon animals in which 
a lesion is made in some or other region and the degenerated fibers 
traced microscopically through successive levels of the nervous system, 
or from the examination of nervous tissue of subjects who have died of 
certain nervous diseases which have caused the degeneration of nerve 
fibers. The location of the degenerative changes following experimen- 
tal injury to fibers in one or other part of the brain or cord, or result- 
ing from disease, indicates the direction from which the affected fibers 
originated. For example, if after section of a fiber tract in the cord 
degeneration occurs above the point of section, the cell bodies of the 
sectioned fibers must be situated below. Also, by destroying a group 
of nerve cell bodies in one or other situation and examining tissue taken 
from different parts of the nervous system for degenerative changes, 
the course taken by the fibers of the injured cells can be traced (see 
also Fig. 12.16, p 525). 

Degeneration of the peripheral nerves may result from causes other 
than mechanical injury Peripheral nerve degeneration is seen in poi- 
soning by certain chemicals (e.g., lead, arsenic, alcohol), m vitamin 
deficiency (A and 6| ), and m certain nervous diseases (e g , anterior 
poliomyelitis which causes the destruction of nerve cells in the spinal 
cord). It IS most Important in such conditions, or following mechani- 
cal injury to a nerve trunk, to have some means of detecting the pres-., 
ence of degeneration, and of determining the extent to which the de- 
generative proCesi~has progressed Such information k affo rded by 
testing the affected nerve or nerves with an electr ic current . The cur- 
rent is applied to*lhe skin ov'^ymg the moloT nerve trunk. When the 
nerve is^mpletely degener^e^ it fails to respond (as shown by the 
absence of a contraction of the muscle) to either the faradic (inter- 
rupted) or to the galvanic current. When the cufrent is applied directly 
over the muscle, a sluggish response is obtained with the galvanic cur- 
rent, but none with the faradic. These abnormal responses of the 
nerve and muscle to electrical stimulation constitute the re action of 
deg eneration^ 

Nerse re^neration. Provided that the two ends of a divided nerve 
are not too widely separated, the continuity of most nerves ultimately 
becomes restored — the nerve is said to have undergone regeneration. 
The neurofibrils of the proximal section of the nerve fiber (i.e., the 
part extending from the cell body to the point of section ) grow distally 
and, entering the empty' neurilemma! tube of the degenerated fiber, 
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gradually extend throughout its entire length (Fig. 11.4). The nuclei 
of the neurilemma multiply. T he neu rofibrils later become embedded in 
a ground substance or matrix (^protoplasm. Thus, a new axis cylinder 
IS formed The rate- r rf- gro s nli - oF t h e ^ is cylinder varies in diflerent 
types of nerve from 0.25 to 2.5 mm per day. A myelin sheath is 
formed later, and finally the function of the nerve may be completely 
restored. The sprouting neurofibrils sometimes cros s a gap of s everal 
millimeters separating the two segments of the nerve — a (ruly remark- 
able phenomenon. The force or influence which directs or attracts 
them into their proper channels is unknown. A neurilemma is abso- 



lutely necessary for the regeneration process. The fibers of the central 
nervous system and of the optic and auditory nerves, which do not 
possess neurilemma! sheaths, are incapable of regeneration after in- 
terruption of their continuity, whether this has been caused by disease 
or mechanical injury. 

The regeneration of nerve fibers makes possible the j'unction by op- 
eration of one nerve with another. In facial paralysis, for example, the 
power to move the muscles of the face can be restored by suturing 
the proximal end of a sectioned hypoglossal nerve to the distal end of 
the degenerated facial nerve. The latter nerve is regenerated by the 
growth of neurofihnU which grow down, the empty tube formed by the 
neurilemma of the degenerated facial nerve. If the operation has been 
successful and the neurofibrils have reached the facial muscles, the 
patient, after a period of re-education, can control the movements of 
the previously paralyzed side of the face. 

Nerve cells (i e , the cell bodies) never regenerate after inj’ury; 
when destroyed, they are replaced by the nonspecific neuroglia. 

The physiological properties of the nerve fiber. Excitability and con- 
ductivity arc the outstanding properties of the nerve fiber. Though 
many living tissues possess^hese properties, they are developed to the 
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highest degree in nerve. When the nerve fiber is stimulated by means 
of an electric shock, mechanically (as by a pinch), thermally (as by 
the application of a heated glass rod), or chemically (as by touching 
it with a crystal of common sail), a disturbance is set up at the point 
of stimulation which is called the local excitatory slate. If the stimulus 
is sufficiently strong to raise the latter to a certain critical value, a 
disturbance spreads at high velocity along the nerve This propagated 
disturbance or wave of excitation, set up by stimulating xhe nerve 
fiber, is called the wm'e impulse. 

‘ When a constant (galvanic) current of moderate strength, such as 
that derived from an ordinary dry cell, is used as a stimulus, it is found 



Fig 11.5 Illustrating stimulation of a nerve by means of a constant current. 


that excitation of a nerve, muscle, or other excitable tissue occurs at 
the instant that the current is closed, and again when the current is 
opened. Though, of course, the current continues to flow during the 
intervening period, it does not excite the tissue, provided that its in- 
tensity remains unchanged. The closing or making current (make 
shock) causes excitation of the nerve or muscle at the cathode — that 
is, at the point where the current leaves the tissue. The opening or 
breaking current (break shock) causes stimulation at the anode — that 
is, where the current enters the tissue (see Fig. 11.5). The stimulus 
caused by making the current is the stronger of the two, so that, when 
the current strength is gradually reduced, a point is reached at which 
a response occurs only with a make shock. 

EIcctrolonus. The passage of a constant current through a nerve 
causes changes in excitability and conductivity of the nerve fibers. 
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These elTects ate generally referred to as eleciroionus When the cur 
rent is “made,” both Uiese properties of the nerve are increased in the 
region of the cathode, whereas they are depressed in the region of the 
anode The changes produced at cathode and anode are called, re 
spcctively, catelecirotomis and anelectrotonus The effects are reversed 
when the current is ‘ broken, a momentary enhancement of cxcita 
bihty and conductivity occurring at the anode and depression of these 



to the muscle Shortening and thickening of the muscle indicate its contraction 
Hatched areas on nerve near the muscle in the second and thud sketches repre 
sent blocking of the nerve as described lo the text 

properties supervening at the cathode It has been mentioned above 
that with a mode rately strong current, excitation of the nerve, which 
may be made evident by using a nerve attached to its muscle, causes 
excitation with both make and break shocks but, upon gradual reduc* 
tion in the strength of the current, a point is reached when excitation 
occurs only at the make H however, the current is very strong, and 
the electrodes are so placed upon the nerve that the cathode is nearer 
to the muscle than is the anode — that is, the current is descending m 
the nerve toward the muscle (see Fig 1 1 6) — excitation also occurs 
only on the “make,” because on the “break” the depressed conductiv- 
ity at the cathode blocks the impulse initiated at the ancxfe If, on the 
other hand, the electrodes are icvcised — that is, the current is ascend 
ing m the nerve from the muscle — excitation occurs only on the 
“break,” for the impulse arising at the cathode is blocked by the de 
pressed conduction at the anode occurring on the “make” of the cur- 
rent (sec Table 11-1). 
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Table 11-1 


Strength 
of current 

Descending 

current 

Ascending 

current 

Make 

Break 

Make 

Break 

Very weak i 

C 

0 

C 

0 

Moderate 

C 

C 

C 

C 

Very strong 

c 

0 

0 

c 


The qualities of a stunulus The pnme factors in excitation of nerv 
ous or muscular tissues are intensity, rate of change, and duration of 
the stimulus 

1 Intensity or streneth of the siinui lus An electnc shock, which is 
the most convenient and commonest type of stimulus used in the labo 
ratory, must be of a certain minimal voltage The electric stimulus 
whose voltage is just sufficient to excite is said to be of threshold or 
hminal strength A stimulus weaker than this is called sublhreshold or 
mbUmmal 

2 The r ate of chanee m the intensity of a stimulus An electnc 
stimulus which is just capable of exciting the nerve when its intensity 
increases rapidly, may be quite ineffective if it reaches its maximum 
value more gradually In order to be effective at the slower rate of 
change, the strength of the current must be increased In other words, 
the threshold of excitation rises as the rate of increase in the current 
strength diminishes This relationship between the threshold of excita 
tion of the nerve and the rate of change in intensity of the stimulus is 
referred to as accommodati on Rate of change is a factor of just as 
great importance in other types of stimulation We are all familiar with 
the fact that changes in the environment, whether of temperature 
sound or movement, are more likely to be effective stimuli if they oc- 
cur suddenly 

3 D nrgtxon^^-chronaxte Since, as mentioned above, a constant cur- 
rent excites only at the make and break, though the current continues 
to flow in the mtervemng period it had been thought that the duration 
of a current played no part m excitation But it is known now that the 
current must flow for a certain minimal time, measured in thousandths 
of seconds, m order to excite That is to say, if the time elapsing be 
tween the make and break of the current is too short, the tissue is not 
excited no matter how strong the current may be Thus, alternating 
currents of very high frequency but having a strength of several thou 
sand volts, do not stimulate when passed through the body 
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The length of time during which a current must flow m order to ex 
cite a nerve or muscle vanes with the strength of the current the time 
being shorter with a strong than with a weak current The excitability 
of a given nerve or other tissue may be measured by determining the 
minimal intensity of a current which if allowed to flow for an indefi 
mtely long period will excite — that is the time factor is not consid 
ered On the other hand the excitability can be measured by using a 
current of a standard strength and determining the minimal time dur 



Fic 117 Strength-<lurat on 
curve The chronaxie is the time 
inierval marked hy the inlencc 
t on of the vert cal interrupted 
line with the upper horuontal 
J nt Ihe latter represcnl ng a 
strength of current twice the rheo- 
base The chronaxie value In this 
nsisnee as indcated by the ar 
row IS 002 second 


mg which It must flow m order to excue The current of a strength just 
sufflcient to excite but of indefinitely long duration is called the 
rheobase A current of double this strength is then employed as the 
standard and the minimal duration for excitation measured This time 
factor IS called the chronaxie of the tissue m question In other words 
chronaxie is a measure expressing the shortest duration for excitation 
of a current /taxing a strength twice the rheobase (Fig U 7) 

The chronaxics of the different types of excitable tissue and of nerves 
and muscles of the difTercni species as well as of the same species 
show very wide variation — namely between 0 I and 100 millisec 
onds (thousands of seconds) The chronaxie of the muscles of the hu 
man arm for example is around 0 I millisecond whereas that of Ihe 
smooth muscle of the frogs stomach is about 100 milliseconds The 
chronaxie of the human sciatic nerve is about 0 3 milliseconds (see 
Table 11 2 p 469) Rapidly acting tissues such as voluntary muscle 
have shorter chronaxics than the more slowly acting such as smootl 
muscle The tissues of warm blooded animals have in genera! shorte 
chronaxics than those of cold blooded species The chronaxics of ihicl 
nerve fibers which conduct at high velocity are shorter than those o 
fibers ofsmallcrdiameter and slow conduction A nerve and thcmuscl' 
which It supplies have chronaxics of nearly the same value and certaii 
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Table 11-2 


Species 

Structure 

Chronaxie 

(milliseconds) 

Man 

. . Flexors of arm 

0 08-0 16 


Extensors of arm 

016-0 32 


Retina 

12 


Vestibular nerve 

14-22 


Sciatic nerve 

03 

Dog 

. Muscle of 



ventricle of heart 
Annculoventric- 

20 


ular bundle 

60 

Frog 

. Stomach 

Gasttocnemnis 

100 


muscle 

Ventricular 

03 


muscle 

90 

Crab 

. Muscle of claw 

12 


drugs — such as curare — which paralyze voluntary muscle are be 
heved by some to cause tbeir effect by increasing the dispanty be 
tween the chronaxie values of the muscle and its nerve 
Electrical changes in nerve. The nerve impulse is accompanied by 
a change m electncal potential Any part of a nerve in the excited state 
IS electrically negative, relatively, to all other parts of the nerve The 
excited part is as the negative pole (copper) of a battery, any inactive 
part corresponds to the positive pole (zinc) If, therefore, a pair of 
electrodes are in contact, one with 
an excited part of the nerve, the 
other with a resting part, and the 
C3wo electrodes connected through 
a sensitive electric recording ap 
paratus, a current flows and causes 
a movement of the indicator of the 
instrument The direction taken by 
the current is from the unexcited ® 
part of the nerve (-(-) to the ex- 
cited part (— ), through the instru- 
ment, and from excited to unexcited 
part through the nerve Thus the ^ ^ ® Diagram illustrating ac 
^ ® . ,1. , f tion current A and current of miury 

eketne circuit is completed (see b l, jalvanomeler 2, M, cuius 3. m 
Fig 11 8 A) A similarielectrical jured part of tissue (see te^t) 
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phenomenon occurs m muscle and other excitable tissue — any active 
region of a tissue being relatively negative to an inactive region. 

The current thus set up in excited tissue is called the action current. 
Injured nerve or other tissue is also relatively negative to healthy tissue, 
the current set up when the injured and uninjured sections of the tissue 
are connected by a conductor is called the current of infury or//e/narc<j- 
tion current (see Fig. 11.8 B). 

As ive have seen, the excited state — the nerve impulse — travels 
rapidly over the nerve fiber. By placing electrodes upon a length of 



Fig. 1J.9 Showing Ihe produc- 
tion &cd recording of a diphasic 
action current (see text) Stip* 
pled area indicates wave of con- 
traction 


nerve, and connecting them with a sensitive electric apparatus, such as 
the string galvanometer, or with an amplifier and cathode-ray oscillo- 
graph, It is possible to delect the passage of nerve impulses, uhether 
these are set up by artificial stimulation or occur naturally. By means 
of special photographic apparatus, a permanent record of the action 
currents can be obtained (see Fig 11.9), and their velocity and mag- 
nitude determined. For example, if the electrodes are placed upon tvso 
uninjured parts of a nerve and one end of the nerve stimulated, the 
impulse when it reaches the first electrode causes this to be relatively 
negative to the second electrode The indicator of the electric record- 
ing apparatus swings away from the zero position This causes a stroke 
to be inscribed above the base line m the photographic record (Fig 
1 1.9 A) When the impulse passes from beneath the first electrode, but 
has not yet reached the second (i c , the nerve beneath each electrode 
is inactive and so of equal electrical potential), the indicator of the in- 
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sirument returns to zero and a downstroke is inscribed m the record 
(see Fig 119 B) When the impulse arrives at the second electrode 
this becomes relatively negative to the first, a current flows through the 
instrument in the opposite direction a curve below the base line ap 
pearing in the record (Fiq 1 1 9 C) Thus a di^h^jiLcune \s produced 
(Fig II 9D) 

If, instead of placing both electrodes upon uninjured tissue, the 
nerve beneath the second electrode is crushed as is the usual practice 
m recording the action currents the current resulting from the dif 
ference m potential between the in 
jured and uninjured portions (cur 
rent of injury) undergoes a sharp 
reduction in strength when the im 
pulse reaches the first electrode 
that IS the action current opposes 
the current injury This variation 
in strength (negative variation) of 
the injury current appears as a sin 
gle wave m the record A second 
wave directed oppositely to the 
first does not appear, since the impulse cannot reach the electrode 
placed upon the crushed section of nerve Such a record is called 
monop hasic (see Fig 11 10) 

'"THe most convenient and reliable means which we possess for in 
vesligatmg the properties of the nerve impulse is provided by the 
analysis of the electrical changes recorded from the nerve The 
strength of the action current as indicated by the amplitude of the 
recorded curves, their frequency and velocity can be readily deter 
mined, such values are taken as corresponding to those of the nerve 
impulses themselves 



Fig 1110 Aciion potential wave 
recorded bv means of the cathode 
ray oscillocraph (After Erlanger 
and Gasser ) 


The Nature of the Nerve Impulse 

The * ^11 or»none” n r “n othing” prin ciple (or law) The ' all-or none 
principle as it applies to the contraction of heart muscle, has been 
already defined (p 159) This pnnciple applies also to the nerve im 
pulse and to the contraction of the individual fibers of skeletal muscle 
For example, a stimulus just strong enough to excite the nerve fiber 
causes the transmission of an impulse which as gauged by the action 
current, is of the same magnitude and has the same velocity as one set 
up by a stimulus of much greater strength In other words, a stimulus 
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which is capable of causing a response at all causes the maximum re- 
sponse. Nor can the impulses in the nerve fiber, as can the contrac- 
tions of a muscle fiber, be summed — that is, the impulses as measured 
by the electncal response, cannot be increased in magnitude by raising 
the rate of stimulation. Each impulse remains separate. 

The nerve impulse may therefore be compared to a spark traveling 
in a fuse of gunpowder; for, of course, it is immaterial, in so far as 
the size of the spark and the rate of its transmission are concerned, 
whether the fuse has been ignited by a small or by a large flame (which 
is comparable to the stimulus applied to the nerve). For the sake of 
illustration other comparisons may be drawn between the nerve fiber 
and a fuse of gunpowder. The nerve impulse and the spark are self- 
propagated, both derive the energy for their transmission from the 
material through which they pass They, therefore, do not undergo 
any diminution with distance, differing m this respect from a sound 
wave, a wave in water, or from an elecinc current, each of which is 
reduced in magnitude as the distance from its point of origin in- 
creases 

If a section of the nerve fiber is treated with a narcotic — that is, 
ether or alcohol— conduction in the narcotized region is depressed; the 
impulse (as indicated by the action current) is reduced in magnitude 
by passing through this region. But the impulse, upon entering the un- 
narcotized section of nerve, regains its original value— further proof 
for the statement that the conduction of the impulse is dependent upon 
energy derived from the nerve fiber itself A wave in air or water, or 
an electric current, once having undergone a reduction in force as a 
result of some resistance in its path, is not restored to its original value 
after having emerged from the medium offering the resistance. The 
spark in gunpowder behaves, however, like the nerve impulse. If a sec- 
tion of the fuse is dampened, the spark is less intense and travels more 
slowly through this section, but at once flares up again upon reaching 
the dry section of powder beyond. 

It is therefore evident that the nerve impulse, though inseparable 
from an action potential, is not merely an electric current transmitted 
along the nerve as along a wire. 

Lillie's iron wire model of the nerve fiber An electrochemical phe- 
nomenon most closely comparable to that of the nerve impulse is ex- 
hibited by an iron wire immersed in a solution of acid of appropriate 
concentration. A nerve model so constructed was devised by Dr. 
Ralph Lillie of Chicago, and is generally known as Lillie's iron wire 
model. If an iron wire is immersed in strong nitric acid, it becomes 
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coated with a layer of iron oxide. If the wire is then placed in a glass 
tube filled with a solution of acid suitably diluted, and “stimulated” by 
scratching its surface at one point so as to break the film of oxide, a dis- 
turbance consisting of effervescence and the formation of a dark com- 
pound is set up and travels rapidly along the wire; the film of oxide 
gradually re-forms in the wake of the propagated electrochemical 
change. The wire can also be “stimulated” electrically. The model 
shows several of the phenomena associated with the passage of the 
nerve impulse. An action potential can be recorded from the wire as 
the propagated disturbance passes over it. Electrotonic effects (p. 465) 
and a refractory period (see below) can also be demonstrated. The 
latter is that period following the “impulse” during which the oxide 
coating is being re-formed and the wire cannot bfc “stimulated.” 
ytne membrane theory of nerve excitation and conduction. The elec- 
■''‘-frochcmical change in the wire following its “stimulation” is quite evi- 
dently a surface phenomenon. The nerve impulse is thought to be of 

Fig. 11.11 lUus- 
J- 


P — - 

REFRACTORY 

PERIOD 


EXCITED 

REGION 


iratiog the nerve 
membrane theory. 
Straight arrow Indi- 
cates the direction 
taken by the im- 
pulse, curved arrow, 
the potential differ- 
ence The part o! 
the nerve marked by 
wavy lines is depo- 

• ■ « r ^ ^ ^ lanzed. and is nega- 

EXCITED tive to the polarized 

PERIOD REGION rrfractory 

periods in which the nerve is being repolanzed are represented by hatching; fol- 
lowing this again repolarization has occurred, and the ability ol the nerve to con- 
duct an impulse has been restored 


»»■ 


the same nature, occurring at the surface of a membrane or film en- 
veloping the nerve fiber. This conception has been embodied in what 
is known as the depolarization or membrane theory of the origin and 
spread of the nerve impulse. According to this theory, the nerve fiber 
in the resting state is polarized — that is, the ions in the fluids in con- 
tact with the two sides of the film or membrane are arranged with the 
cations on the outside and the anions on the inside (Fig. 11.11). Thus, 
positive and negative electric charges are balanced on either side of 
the membrane which remains impermeable to them so long as the nerve 
is at rest. Upon stimulation of the nerve, some chemical change is 
lirought about which renders the membrane permeable to the ions; it 
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becomes dcpolariijed at the point of stimulation An electrical polen 
tial IS set up between the adjacent polarized and nonpolarized regions 
of the nerve, which acting like the oncinal stimulus causes the spread 
of depolarization down the nerve, thus the impulse is propagated auto 
matically Excitation of the nerve is not restored until the depolarized 
region is repolarped The period during which the nerve is depolanzed 
corresponds to the absolute refractory period 
The absolute and rclatise rcCractory periods of nctsc The nerve 
fiber after the passage of an impulse is for a short time unable to con 
duct This IS due if we accept the membrane theory to its being in the 
depolanzed state This brief interval following the passage of the ira 



Fig 11 12 Curve of 
the recovery in the sci 
atic nerve of the frog 
Two stimuli were ap- 
pl cd to the nerve the 
second St mulus being 
separated from the first 
by various tunc inter 
vals and of just sufR 
cicnt strength to excite 
Intensity of stimulus is 
plotted alone the ord 
naie time along the 
abscissa The interrupted honzontal line indicates the threshold strength of cur 
rent required to excite the resting nerve During the absolute refractory period 
faboot 0 003 second m this instance) a stimulus however strong will not exctte 
The excitability returns gradually during the next 0 02 second (relative refrac 
torypenod) (After Adrian ) 


pulse and during which the fiber will not conduct is called the abso~ 
hue refractory period (sec Fie 1 1 12) The nerve fiber m this state 
may be likened to the aunpowder fuse after the spark has passed leav 
mg only a trail of ash a fresh tnin of powder must be laid before a 
second spark can travel the same path The duration of the absolute re 
fractory period of frog s nerve is from 0 002 to 0 003 second and of 
mammalian nerve about 0 001 second It is followed by a longer period 
during which repolanzation of the nerve fiber is occurring This is 
called the rclatoe refractory period it has i duration of from 001 to 
0 02 second During this time the excitability and conductivity of the 
fiber IS below normal a stronger stimulus than usual being required to 
set up an impulse which as judged by the action current is of smaller 
magnitude These properties improve progressively rcachins the val 
ues for rcstinc nerve at the termination of the relative refractory period 
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The velocity of the nerve impulses. In mammalian myelinated 
nerves, the impulse travels at a velocity of from 90 to 100 meters per 
second — that is, at about the speed of a revolver bullet. The impulses 
in unmyelinated mammalian nerve and in all nerves of cold-blooded 
animals, whether myelinated or unmyelinated, travel at much slower 
rates. Nerve fibers of large diameters transmit impulses at a higher ve- 
locity than those of small diameter. In the small nonmedullated fibers 
of some cold-blooded animals, the rates of conduction of the nerve 
impulse are less than2meters per second (Table tI-3). 

Toble 11-3 


Nerve velocIHet 


Mammalian nerve, myelinated, at body 

temperature 

Dogfish nerve, myelinated, at 20“ C . . 
Frog’s nerve, myelinated, at 20“ C . . 
Crab’s nerve, amyelinated, at 22“ C . 


100-125 meters per second 
35 meters per second 
30 meters per second 
1.5-5 meters per second 


That there are at least two types of sensory nerve with different 
conduction velocities can be deduced from a common experience. 
When, for example, one stubs one’s toe or receives a hard knock upon 
the shin, a sharp evanescent pam is (clt which after a short interval is 
followed by a duller more enduring and much more unpleasant kind 
of pain llie impulses causing the initial pain are carried by nerves of 
relatively large diameter with a rapid conduction rate; the second pain 
is dependent upon nerves of smaller diameter and of slower conduc- 
tion. Upon the nerves conducting at the more rapid rate (30 to 100 
meters per second), the protective or withdrawal reflexes depend. 
Were consciousness not apprized of an injury until the slowly con- 
ducted impulses arrived, irreparable damage might be inflicted upon a 
part before the warning message to protect it had been received. 

The frequency of nerve impulses. The length of the absolute refrac- 
tory period determines the maximum frequency at which the nerve 
fiber is capable of transmuting impulses In mammalian nerve, for ex- 
ample, th^bsolute refractory period has a duration of yoitu second. 
In other words, a period of second must elapse after the passage 
of an impulse before the fiber can again conduct. The maximum fre- 
quency is, therefore, around 1000 per second. Action currents of this 
frequency have actually been demonstrated by means of the cathode- 
ray oscillograph A single fiber in the nerve trunk was separated from 
its neighbors by careful dissection and laid across a pair of electrodes 
connected to the recording apparatus. 
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The relation of the frequency of the unpubes to the magnitude of 
the response It has been mentioned above that the individual nerve 
impulse cannot, so far as is known, be varied in magnitude or in any 
other character by altering the strength of the stimulus It may naturally 
be asked then, “Why does a stronger stimulus produce a greater ef- 
fect'^ A, strong stimulus for example, causes a more intense sensation 
than a weaker one when applied to a sensory nerve ending, or a more 
powerful contraction when applied to a motor nerve The greater sen 
sation caused by the stronger stimulus is due entirely to the higher fre 
quency of the impulses Increasing the strength of the stimulus causes 
a rise in the frequency of the impulses discharged along each nerve 
fiber when applied to a nerve trunk the stronger stimulus also excites 
more nerve fibers than the weak one These two factors, namely, the 
frequency of the impulses in each nerve fiber and the number of fibers 
involved — that is the number of impulses reaching consciousness m a 
unit of time — determine the intensity of the sensation 

Similarly, the magnitude of the muscular response when a motor 
nerve is stimulated is related to the frequency of the impulses dis> 
charged along the individual nerve fibers, as well as upon the number 
of fibers excited Each nerve fiber of a mammalian motor nerve termi 
nates by dividing into some hundred branches, each of which supplies 
a muscle fiber ‘ Now, as we shall see (p 488), when a muscle is stimu 
lated by a single electric shock it gives a single contraction or uuich 
but, if stimulated by a senes of such shocks in rapid succession, the 
resulting twitches become fused into a sustained contraction or tetanus 
which exerts a force considerably greater than that of the single twitch 
In a voluntary movement of the human arm for example, the impulses 
pass from the central nervous system to the muscles at varying fre 
quencies — from 5 to 50 or more per second At the lower frequencies, 
the individual contractions are incompletely fused and only a proper 
tion of the muscle fibers are activated, the movements are weak Com 
plete fusion of contractions occurs at the higher frequencies a power- 
ful movement resulting 

In some types of contraction, such as the tonic contraction of the 
muscles which maintain the body s posture, the impulses are transmit 
ted at moderately high frequencies, but only a proportion of the nerve 
fibers going to the muscle are active at one time — that is, the impulses 
are discharged from the central nervous system asynchronously along 
the several fibers composing the motor nerve As a consequence, the 

* The smgk motor nerve fiber and ihe of muscle fibers tl supplies 
(s called a motor unit 
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fibers of the muscle are never all contracted at once; they contract in 
rotation. Since the muscle fibers respond in relays, some resting while 
others contract and vice versa, this type of contraction, though gener- 
ally less powerful than that which results in movement, is able to be 
maintained for relatively long periods without fatigue 

The nature or quality of sensation. The sensation aroused by stimu- 
lating a sensory nerve ending varies with the particular nerve ending 
excited. For example, stimulation of certain nerve endings in the skin 
causes a painful sensation, of others a sensation of touch, of others, 
again, a sensation of heat or of cold. The optic nerve transmits im- 
pulses which arouse visual sensations The acoustic and olfactory 
nerves and the nerves of taste, when stimulated, give rise to their own 
peculiar sensations. To what is this specificity of the sensory nerves 
due? There are two possibilities* (a) The fibers constituting the several 
types of nerve may differ in some fundamental way from one another, 
so that the impulses set up may have some distinguishing characteristic. 
In other words, each type of fiber may convey to consciousness a mes- 
sage peculiar to that type of fiber (b) The fibers themselves may be 
unspecific and the impulses which (hey transmit may be all alike, the 
different kinds of sensations — pam, touch, visual, auditory, etc. — ^be- 
ing then dependent upon the particular region of the brain where the 
impulses are received. That is to say. the different regions of the brain 
interpret, each In its own way, the messages that come to them, though 
such messages are all identical In Iheir general characters. 

The latter conception appears to be the true one. All the evidence 
indicates that the impulses, along whatever type of nerve they are 
transmitted and though they may differ in minor details, are essentially 
the same in character For.example, the action currents recorded from 
the optic nerve, from a motor nerve, or from a cutaneous sensory nerve, 
show no characteristic differences which might reasonably be consid- 
ered as a basis for the several qualities of sensation. The center in the 
brain in which the impulses arrive is the determining factor. Impulses 
reaching one part of the cerebral cortex cause a visual sensation but, 
if these same impulses could be directed to the auditory center of the 
brain they would, according to this view, give rise to a sensation of 
sound. Or again, if it were possible to stimulate the receptors of the 
eye by a sound, and those of the ear by a light, the sensation to which 
such stimulation gave rise would still be one of light or of sound, re- 
spectively. For example, though the rods and cones of the retina are 
the receptors for sight, anij are so specialized that light rays constitute 
the most effective, indeed the only really adequate, stimulus, we know 
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from our own experience that they, or the optic nerve fibers can be 
excited by mechanical means — c g , a blow or firm pressure upon the 
eyeball when a flash or a ring of light is seen 

By way of summary it may be said that whereas the intensity of a 
sensation (the brightness of a hghl the loudness of a sound etc ) dc 
pends upon the frequency of the impulses the nature of the sensation 
IS dependent upon the area of the cerebral cortex m which the impulses 
are received 

Chemical changes in nerve Until some years ago attempts had 
failed to demonstrate any increase in oxyeen consumption or of carbon 
dioxide production by nerve during its activity Nor could any rise in 
temperature of the nfcrve be demonstrated durinc the pissaqe of the 
impulse It was therefore thought that the conduction of the nerve im 
pulse was a purely physical process By the application within recent 
years of more refined methods of investigation it has been shown quite 
conclusively however that conduction m nerve is essentially chemi 
cal in nature A restinc nerve produces a small quantity of heat 
(70 X 10"" calories per gram of nerve per second) which is increased 
by over 50 percent dunne activity The resting nerve also consumes 
oxygen and produces carbon dioxide the gaseous exchanges under 
going a definite increase when the nerve is stimulated 

Carbohydrate is not apparently the fuel from which the energ) for 
the conduction of the impulse is derived During stimulation no re 
duction m the glycogen content of the nerve occurs the disappearance 
of sugar IS not accelerated and lactic acid is not produced Nerve con 
duction differs therefore m this respect from muscuhr contraction 

(p 497) The immediate source of the energy for nerve conduction IS 

furnished by the explosive breakdown of phosphocrvatine The phos 
phocreatine undergoes resynthcsis after the passage of the impulse — 

1 e during the refractory period — the conductivity of the nerve being 
thus restored The source of the energy for the recovery process is un 
known That the recoveiy process is essentially different from that 
occurring m muscle is evident from the fact that it occurs m ihc ab 
sence of oxjgen A nerve placed in nitrogen will therefore continue 
to respond to stimulation for a relatively long time — 3 hours or so 


The Physiology of Skeletal 
(Voluntary) Muscle 

Tlie minute structure of skeletal muscle has been briefly described in 
Chapter 2 
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Functional anatomy The char 
actenstic and outstanding prop 
erty of muscle is its contractility, 
and the most obvious function of 
skeletal muscle is to move the 
limbs head trunk and other 
parts The muscle fiber is a highly 
complex mechanism primarily di 
reeled toward the comersion of 
energy derived from chemical re 
actions to mechanical energy 
which is exhibited as movement 
or some kind of force Most skele 
ta! muscles as the name implies 
are attached to bony structures 
though a few such as those of the 
face are attached to skm others 
are attached to cartilage and some 
to ligaments or to other muscles 
One of the bones to i^hich a mus 
cle IS attached is usually held 
more or less stationary by the ac 
tion of other muscles the prime 
mover (see below) thus is pro 
vided with a fixed point for its 
contraction This attachment of 
the muscle is usually called its 
origin The other extremity of the 
muscle especially of a limb mus 
cle (e g the biceps of the arm) 
IS most usually attached to a bone 



Fig 1 1 13 Showing the action of 
a mus le crossing a joint When the 
muscle (in this case the biceps of 
the arm) contracts it pulls upon its 
insertion into the bone (radius) of 
the forearm and bends (flexes) the 
elbow joint 


which moves upon some type of joint when the muscle contracts this 


attachment is called the insertion of the muscle In the case of the 


muscles of the limbs and of certain other parts the muscles are situ 
ated with their insertions distal to their origins (i e more toward the 
fingers or toes) and when the muscle contracts its insertion moves 
toward Its origin which remains stationary (Fig 1113) Most volun 
tary muscles are inserted not directly into the bone but through the 
medium of a strong tou^h inelastic fibrous cord called a tendon (or 
smew m popular language Fig 11 14) Tendons vary greatly m 
length m man this may be from a fraction of an inch to more th 
foot Sometimes a muscle has a tendon at each of its extremities 
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Vusc^s 



Petiosteun 6m 


Fig. It 14 Showing the blending of voluntary muscle fibers with fi- 
bers of the tendon, and of the tendon with the periosteum (covenng of 
the bone). 

The form of muscle and the arrangement of its fibers. Muscles are 
of many shapes and sizes Their shapes are variously described as fusi- 
form (spindle shaped), quadrilateral or rhomboid, triangular, strap- 
like (such as the long muscle on the front and inner side of the thigh 
and knee), and pennate (like a feather) in which the fibers pass from 
cither side to a central tendon which they join obliquely (see Fig. 
11.15). This arrangement of the fiben is called bipe/uiate. In other 
muscles, only one half of a feather is represented, the fibers passing 
obliquely to only one side of the tendon; they are called unlpennate. 
In most muscles, however, the fibers pass in a direct line — -line of 



Fig J1.15 Diagram showing four dif- Fig H.16 Illustrat- 
ferent types of arrangement of the fibers mg Glisson’s expert- 

in voluniary muscles (Description in the meat. (See text ) 
text.) 
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pull — from ongm to insertion 

When a muscle (e g , the biceps of the arm) contracts, it appears to 
mcrease in volume, and the ancient and medieval physicians thought 
that such actually occurred as a result of what they called animal spirits 
flowing into the muscle through its nerves Francis Glisson, an English 
physician (1597-1677), showed by a very simple experiment that the 



muscles of the human forearm did not increase in volume when they 
contracted, they actually diminished a little in bulk He had a man 
insert his arm up to the elbow into a tall glass vessel provided with a 
side tube (see Fig 1116) The vessel was then filled with water to the 
bnm and a bandage bound around the top of the vessel and the arm at 
this point in such a way as to prevent leakage When the muscles of the 
arm contracted no rise m the level of fluid in the side arm occurred, a 
slight fall was observed * 

Red (dark) and white (pale) muscles We are all familiar with the 
dark and light flesh of fowl In mammals also there are two types of 
muscle, the dark red and the light colored The division into these two 
types IS more pronounced in the cat and rabbit than in the monkey or 
man The pale muscles (like the wing muscles of birds) contract more 
rapidly than the dark colored, and require a higher frequency of stim- 

* The slight reduction m volume was probably due to the expression of blood 
from the vessels by the compressing force of the contraction 
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ulation in order to teianize them (p 488) The two kinds of muscle 
differ histologically the fibers of the dark variety have as compared 
with those of the pale muscles more abundant sarcoplasm are more 
opaque and show less distinct cross stnations The dark muscles as 
well as giving a slower contraction also fatigue less readily They con 
stitute m man mamly those muscles (c g , the extensors of the thigh) 
which are capable of sustaining a position of the body such as stand 
mg for a long period In some human muscles both kinds of fiber are 
present together 

The mnenation of skeletal muscle motor end plate and molar 
timts Each muscle cell recetves both a motor and sensory innervation. 
Each nerve fiber of a spinal motor nerve which is an axon of a cell m 



Fig 11 18 Showing a nerve fiber ending m a muscle — the myoneural 
]unc( on (After Coutcau redrawn ) 


the anterior horn of the spinal cord divides into some 100 branches 
which supply a corresponding number of muscle fibers The anterior 
horn cell (including its axon the nerve fiber) is called a motoneuron 
and the group or bunch of muscle fibers which it innervates is dcsig 

nated a njoror nnu (Fig 11 17) The muscle cell possesses a specially 

organized structure knowm as the motor end plate Each axon branch 
of the motor nerve fiber as it approaches the muscle fibt-r for which it 
IS destined loses its myclm sheath and terminates on the motor end 
plate as a flat expansion This contact (there appears to be no actual 
union) between the termina] of the nerve fiber and the end plate is 
called the myoneural or neuromuscular junction (Fig 1118) It ex 
hibits many of the properties of the synapse existing between neurons 
(p 510) 
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The sensory nerve fibers also lose tiieir myelin sheaths and end in a 
special fusiform organ within the fiber known as the muscle spindle. 
The spindle consists of a group of muscle fibers differing from those of 
the rest of the muscle and enclosed in a well-defined capsule. It is a re- 
ceptor of kinesthetic sense (p. 514 and PL 9A). 

Muscular movements. Muscles which bend a limb at a joint — e.g., 
those which raise the thigh at the hip joint, or bend the elbow or knee — 
are called flexor muscles (or flexors). Those which straighten the 
limb — lower the thigh at the hip joint, or straighten the arm at the el- 
bow or the leg at the knee — are called extensor muscles (or extensors) . 
Muscles which move the limb or other part in a direction away from 
the mid-line of the body, or of a limb, are called abductors; and those 
executing the opposite movement — that is, bringing the limb or other 
part toward the mid-lme of the body or of a hmb— are known as ad- 
ductors. There are also muscles which rotate a limb In the case of the 
movements at the ankle joint, confusion is avoided by adding the quali- 
fying prefixes, plantar- and dorsi- to the word flexor. Thus, turning the 
foot upward upon the ankle joint is called dorsiflexion; depressing the 
foot toward the ground is called plantar flexion. Dorsifiexors and plan- 
tarflexors are correspondmg terms given to the muscles which carry 
out these movements. 

In performing a given movement — e.g., bending of the leg at the 
knee or of the arm at the elbow — the several muscles carrying out the 
movement act as a “team ” In the bending of the arm at the elbow, for 
example, the muscles which execute the actual movement (biceps, etc.) 
are called prime movers, but we shall see (p. 517) that the oppositely 
acting (extensor) muscles must relax, the muscles which straighten the 
elbow (such as the tnceps) are therefore called antagonists. The func- 
tions of these muscles are, of course, reversed when the elbow is ex- 
tended, the triceps is now the prime mover and the biceps the antago- 
nist. Fixation muscles are those which hold stationary the bone or 
bones giving origin to the muscle, thus enabling it to move the bone 
into which its tendon is inserted. Thus, in raising the arm from the side, 
muscles about the shoulder joint contract to hold the shoulder blade 
(scapula) and collarbone (clavicle) steady. Muscles that serve to 
steady a joint crossed by the tendon of the prime mover, and in this 
way enable the prime mover to contract to best advantage without loss 
of power, are called synergists. Thus, when the muscles (flexors of the 
fingers and wrist) which clench the fist contract, there is a tendency 
for the wrist to be sharply flexed. Nonnally this does not occur because 
the muscles on the back of the forcann (extensors of the wrist), whose 
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F g 1119 Sho ving apparatus for si mulal ng an isolated frog s muscle 
and the method of record ng the contraction 

tendons cross the back of the wrist contract and thus give ncidily to 
this joint 

Method of recording contractions of an isolated muscle Our knowl 
edge of the physiology of muscular contraction has been gained 
largely from studies of the isolated muscle of the frog The muscle of 
the calf the gastrocnemius — is the one most ccnerally employed This 
muscle IS attached above to the fewer end of the thighbone (femur) 
and below throueh a strong tendon called the tendon of Achilles 
(tendo Achillis or tendo calcaneus) to the bone of the heel In pre 
panng the muscle for an experiment it is removed from the animal to 
gether With its nerve supply the sciatic and the lower end of the fe 
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mur The preparation is then suspended by fixing the section of bone 
in a clamp, and fastening the lower tendinous end of the muscle to a 
light lever, as shown in Figure 1 1 19 The writing lever is adjusted so 
as to make light contact with the surface of a revolving drum, moti- 
vated by clockwork and covered with smoked paper This instrument 
IS called a kymograph As the drum revolves, the soot is removed by 
the point of the lever, which thus traces a white horizontal line so long 



Fig 1120 The mductonum A primary coil B secondary coU 


as the lever remains stationary Any shortening (contraction) of the 
muscle causes an upward movement of the lever which then msenbes a 
curve on the rotating drum 

A tuning fork of the required frequency of vibration (e g , xJtT’ 
per second) is arranged with a writing point to mark the time intervals 
at the bottom of the tracing, or some device run by clockwork may be 
used A signal magnet is also set up in the primary circuit of the in* 
ductorium (see below) to indicate the instant that the stimulating cur- 
rent, which also activates the signal, is made or broken 

The mductonum The induced electric current is usually employed 
m classroom experiments for stimulating muscle and nerve, it can be 
finely graded in strength, and a series of rapidly repealed shocks can 
be applied to the excitable tissue The instrument employed for this 
purpose is called an mductonum, and consists of two cylindrical spools 
or coils of wire called primary and secondary (Fig 1 1 20) The pn 
mary coil has an iron core around which are made a few turns of thick 
Wire It receives current from a dry cell, a switch or key being inter- 
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posed in the circuit The secondary coil is composed of many turns of 
fine wire Its core being hollow, it js capable of being slid like a sleeve 
over the primary coil It runs on parallel metal bars and can be pivoted 
as well around its transverse axis When the current from the dry cell 
enters the primary coil a current is induced in the secondary coil The 
low electromotive force of the primary circuit is transformed to the 
high electromotive force of the induced current which is led ofT to 
stimulating electrodes fastened to binding posts one on either end of 
the honrontal bars along which the secondary cod slides The primary 
circuit may be made and broken by means of the key or by the rapid 
movements of an automatic mterrupter or vibrator on the instrument 
Itself Nerve or muscle can then be stimulated by a series of rapidly 
alternating make and break induced currents The break shock of the 
induced current is more effcctwc as a stimulus than is the make shock 
because the primary current causes an induced current in the pnmary 
coil Itself as well as m the secondary and its direction is opposite to 
that of the primary current as a consequence the intensity of the lat 
ter as well as its rate of rise is reduced (see p 467) In the case of the 
break shock the self induced current cannot weaken the pnmary cur 
rent since this has already ceased to exist As a matter of fact, the di 
rection of the self induced current at the break is the same as that of 
the primary current 

The current induced in the secondary coil is increased or diminished 
by sliding this coil toward or away from the pnmary cod The induced 
current can also be graded by rotating ihe secondary coil upon its 
pivot and altering the angle which it makes with the pnmaiy coil 
When the secondary and pnmary coils have their long axes at right 
angles to one another there is no induced current A current is induced 
as the secondary coil is moved from the right angle toward the hori 
zontal position and increises steadily the farther it is turned m this 
direction reaching a maximum for any given distance from the pn 
mary coil when the long axes of the two coils are in line 

The simple muscular contraction or “twitch ” Muscle, like nerve 
responds to any one of the four types of stimulus — clecrncal meebam 

cal thermal ot chemical The muscle may be stimulated directly— that 

JS by placing the electrodes m contact with its surface — or through its 
nerve When stimulated m cither of these ways and with a single stimu 
lus— e g a make or break shock — the muscle contracts and having 
raised the writing lever to a certain height, relaxes again and allows the 
lever to return to its original position Thus a curve such as that shown 
in Figure 1121 is inscribed This simple bncf contraction is called a 
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muscle twUcb; it is due, o? course, to 
the shortening (contraction) in uni- 
son of the numerous fibers of which 
the muscle is composed. A simple 
contraction or twitch docs not occur 
in the living animal under ordmarj' 
physiological conditions, but the re- 
flex contraction of the extensor mus- 
cles of the thigh caused by a lap on 
the patella tendon (knee jerk) is of 
this nature. The cur\c shown in Fig- 
ure 11.21 is marked off into three 
pans to represent corresponding 
phases of the muscular response 
The stimulus is applied at A, shon- 
cning of the muscle commences at 
B, and relaxation at C The distance 
from A to B indicates the period 
elapsing from the application of the 
stimulus to the commencement of the contraction This is called the 
latent period: its duration is about 0 01 second. The next period 
fB-C), during which the lever rises from the horizontal line (base 
line) to the summit of the curve, is the contraction p/iore, it lasts for 
approximately 0 04 second The part of the curve from C to D repre- 
sents the relaxation phase This has a duration of about 0 05 second. 

As determined by the method described above, the total duration 
of the contractile process of the frog’s gastrocnemius muscle, including 
the latent penod, is found to be about a tenth of a second The muscles 
of warm-blooded animals have considerably shorter contraction times. 

The latent period of the muscle, as measured from the instant of 
stimulation of its nerve, is made up of: (a) the time taken for the im- 
pulse to travel along the nerve from the point of stimulation to the 
muscle; (b) the very brief interval during which the initial chemical 
changes arc occurring in the muscle fiber and tension is being devel- 
oped; (c) the inertia of the lever. The last mentioned, (c), can be al- 
most entirely eliminated by refined methods of recording — e.g., some 
form of recording in which the contraction of the muscle moves a mir- 
rored surface. This reflects a beam of light which is photographed. The 
light beam, which is substituted for the material lever, is free from 
inertia Furthermore, its length can be such that great magnification of 
the movements of the reflecting surface can be obtained. The true 



Fig 11.21 Record of a muscle 
tuitch A-B, talent p>eriod; B-C, 
contraction phase. C-D. relaxation 
ph.asc Time indicated by lower 
tracing second) caused by a 
vibraimg tuning fork (After Stir- 
ling ) 
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latent period of muscle — that is, the interval (A B) between the 
stimulation of the muscle fiber itself and the commencement of the 
shortening process — vanes between 0 0025 and 0 004 second 

The effect upon the force of the contraction of increasing the loten* 
sily of the stimulus IE a senes of stimuli of gradually increasing 
strength is applied directly to the muscle, contraction curves of graded 
heights will be obtained (see Fig 1 1 22} The weakest stimulus which 
will excite the muscle is called the minimal or threshold siimuUts As 
the strength of each successive stimulus is increased, a greater and 
greater response is obtained from the muscle Ultimately, a point is 
reached where the muscle contracts maximally — that is, no further m 

Fig 1 1 2Z Record of a se- 
nes of contractions caused by 
a succession of slimuh of 
graded strength The muscle 
lever traced each of these 
lines while the drum of the 
kymograph was at rest and 
was then moved by hand to a 
fresh position after each con 
traction 

crease tn the height of the contraction curve results from increasing 
the strength of the stimulus This i$ called the maximal stimulus 
It was stated on page 47 1 that muscle like nerve, obeys the ‘ all-or 
none law The grading of the muscular response to stimuli of graded 
strength as just described appears to contradict this statement The 
explanation is that a muscle is composed ot a number of units — the 
muscle fibers The force of the contraction of the whole muscle is de- 
pendent upon the number of fibers excited by the stimulus A strong 
stimulus excites a larger number of fibers than does a weak one, and 
with a maximal stimulus the current spreads to involve all the fibers 
Studies made upon a single muscle fil^r have shown that it docs not 
respond by graded responses as the strength of the stimulus is increased 
It respond maximally or not at all — that is, it obeys the “all or none ’ 
law 

Summation and tetanus. H a second stunulus is sent into an isolated 
frog’s muscle within the latent penod of the first, no obvious effect is 
produced If, however, the second stimulus is applied while the muscle 
is contracting in response to the first stimulus, it contracts again, the 
second contraction is added to the first, the shortening of the muscle 
being then greater than that caused by a single stimulus The greatest 
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effect of the second stimulus is observed when it is applied to the mus- 
cle near the height of the contraction caused by the first. This phe- 
nomenon, whereby one contraction is added to a previous one to pro- 
duce a greater total shortening of the muscle, is called summation 
(Fig. 11.23). A third contraction may be added to a second, a fourth 
to a third, and so on. When the stimuli sent into a frog’s gastrocnemius 



Fig. 11.23 Illustraiing summation and tetanus 1. the second stimulus x was 
applied after relaxation of the muscle, two separate contractions of equal ampli- 
tude result: 2. summation, the second stimulus x being applied at a shorter inter- 
val after the first than in 1, 3 and 4. incomplete tetanus caused by a senes of 
stimuli applied at short intervals apart, 5, complete tetanus resulting from a still 
more rapid rate of stimulation, the individual muscular responses being com- 
pletely fused. (After Stirling and Howell ) 

muscle are at a slower rate than from 15 to 30 per second, the Individ- 
ual contractions can be distinguished — that is, they are not completely 
fused. The contraction curve shows smaller or larger waves synchro- 
nous with the rate of stimulation. At rates of stimulation higher than 
this, the responses are completely fused, the contraction curve being 
perfectly smooth. The curve rises to a maximum height, which is con- 
siderably greater than that caused by a single stimulus, and remains at 
this height as long as the stimulation lasts or until the muscle becomes 
fatigued. A sustained contraction of this nature is called complete 
tetanus. The contraction caused by slower rates of stimulation, and in 
which the individual responses are distinguishable, is referred to as 
incomplete tetanus. 
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The rate of itimulation at which complete fusion of the contraciioas 
occurs vanes with the speed at which a given type of muscle normally 
contracts Thus, rapidly acting while muscles require a higher rate of 
stimulation to produce tetanus than do the more slowly acting red 
muscles, and the rate required by smooth muscle is slowest of all (5 
stimuli per second) In the rapidly acting muscles of the wings of ui 
sects, contractions are not fused until the rate of stimulation reaches 
a rate of 300 per second and upward, and even a human eye muscle 
(internal rectus) requires a stimulation rate of 350 per second The re 



Pig 1 1 24 tlluslNting ireppe contracture, and fatigue The tnus 
c)e was stimulated at intervals of I second The contractions are 
very close tocethcr because the kymograph drum was moving slowly 
lAticr Howell > 

quired rate for red muscle of the human calf, on the other hand, « 
only 30 stimuli per second In man the voluntary contractions of the 
muscles of the limbs are brought about by the discharge of impulses 
along the motor nerves at raies of from 5 to 50 per second At the 
lower rales the contraction is an incomplete tetanus, but at the higher 
frequency complete fusion of the contractions results (see also p 476) 
Treppe or the “staircase” phenomenon. When a muscle U stirau 
lated repeatedly at regular intervals, the first few contractions of the 
senes increase successively in amplitude This phenomenon has al- 
ready been described for heart muscle (p 160) It is due, apparently, 
to the beneficial effect exerted upon the irrilabtUty of the muscle by 
the chemical products of the first feu contractions, and by the rise in 
temperature (Fig II 24) 

The effect of loading upon the contraction of a muscle. A muscle 
contracts more forcibly if suitably loaded The increase in the height 
of the contraction increases up to a point with each weight that is 
added to the scale pan suspended from the muscle, as shown in Figure 
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1 1 19, page 484 The force of the contractions then decreases again as 
the load is gradually increased (Fig 11 29, p 495) For an isolated 
frog’s muscle, the maximum height is attained at a loading weight of 
between 30 and 50 grams When a loaded muscle is stimulated to con 
tract, the first effect is a sudden lengthening of the muscle fibers This 
sudden stretch causes tension m the muscle which is immediately fol 
lowed by shortening The stretching of the fibers m some way enables 
the muscle to mobilize more energy than is possible for the unweighted 
muscle We have seen the same phenomenon m the case of cardiac 



Fig 1 1 25 Showing the effect of oxygen lack upon the onset of fa 
ligue Records from a pair of sartonus muscles of frog stimulated at 
1 second intervals A m nitrogen B in oxygen (After Fletcher ) 


muscle(p 193) Throughout the shortening of the muscle the tension 
remains constant This type of contraction is therefore called isotonic 
(Gk iro5, equal 4* tonus, tension) But if the muscle is loaded with a 
weight that it is unable to lift or is attached to a stiff spring that 
it cannot bend only a xery slight shortening of the muscle fibers can oc 
cur Such a contraction is called isometric (Gk isos, equal 4- meiron, 
measure) 

Fafigue. If direct stimulation of an exased muscle — that is with the 
electrodes placed upon the muscle — be continued after the contrac 
tions have reached their maximum amplitude the irritability of the 
muscle gradually becomes depressed due to the accumulation of lactic 
acid (Fig 1 1 25) The concentration of lactic acid at which loss of 
irritability of the muscle occurs and at which it fails to respond to 
stimulation, is around 0 5 percent 

The onset and dexelopment of this stale of fatigue are more rapid, 
the higher the rate of stimulation Isolated muscle, or one m the intact 
anunal the blood supply of which has been occluded, also faligues 
more rapidly than one receiving an adequate oxygen supply Oxygen 
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is required for the removal of the lactic acid produced during contrac- 
tion. In the muscle deprived of its blood supply this, of course, does 
not readily occur. Lactic acid accumulates, and it is to such accumu- 
lation that the loss' of irritability of the muscle is attributed (see 
p. 498). 

When a muscle is stimulated, not directly, but through Us ntrve. 
fatigue supervenes much sooner — long before the lactic acid concen- 
tration has reached the value at which it depresses muscular irritability. 
We know that nerve is highly resistant to fatigue. There must, then, be 



Fig. 11.26 Illusuaimg the ready fatigahiliiy of Ihe myoneural 
junciioi>~-i.e., before the muscle itself. The muscle was stimu* 
laled through Us ner\e to the arrow, S. and then directly. 


a third structure or tissue in the nerve-muscle preparation that is pc* 
culiarly susceptible to fatigue; this is the junction between nerve and 
muscle — the myoneural junction — which exhibits the properties of a 
synapse. The early fatigability of the myoneural junction can be dem- 
onstrated by a simple experiment. It the nerve to the muscle is stimu- 
lated repeatedly until the muscle fails lo respond, a stimulus of the 
same strength as before applied directly to the muscle causes a vigorous 
contraction (see Fig. 11.26). 

Contracture. Under certain conditions, relaxation of the muscle 
takes place very slowly; it may remain in the partially contracted state 
for a considerable length of time. This state of the muscle is referred 
to as contracture. If a muscle in a state of contracture is stimulated at 
relatively long intervals, it responds by further shortening, each con- 
traction being then superimposed upon the sustained contraction 
caused by the previous stimulus. Contracture is brought about \iy the 
action of certain drugs, especially verotrmc. and by jatigue. It also 
sometimes occurs in apparently normal muscle during the first of a 
scries of contractions and then passes off (Fig. 11.24). 
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The effect of temperature upon muscular contraction. Wanning a 
muscle causes it to respond more rapidly and vigorously to stimulation 
Contraction and relaxation phases are both shortened, the latent pe 
nod IS also of shorter duration Lowenng the temperature of the 
muscle exerts the opposite effect, the contraction being weaker and all 
Its phases lengthened Cold blooded animals, such as snakes and frogs, 
whose body temperature vanes with that of the environment, move 



Fig 1 1 27 The effect of temperature upon the contraction of a frog s 
gastrocnemius muscle Tracing should be read from left to nght Fig« 
ures are the temperatures ("C) of the salt solution in which the muscle 
was immersed (After Pcmbrey and Phillips ) 

sluggishly, therefore, in cold weather The activity of mammals, on the 
other hand, whose muscles are maintained at a constant temperature of 
around 98 5® F, is not influenced by changes in the temperature of the 
environment Nevertheless, the more efficient action of the muscles 
after the commencement of exercise is due, in part, to the local rise 
in temperature resulting from the earlier contractions “Warming up” 
to one’s work is a familiar expression (Fig 1 1 27) 

The effect of temperature upon the speed of muscular contraction 
conforms with Van’t Hoff’s law, which states that the velocity of chemi 
cal reactions, which, of course, are the basis of muscular contraction, 
is increased to between two and three times by a nse in temperature of 
10® C 

Muscle is inexcitable at very low temperatures Frog’s muscle, for 
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example, fails to respond at temperatures of from 32 to 35® F On the 
other hand at an excessively high temperature (105 to nO” F for 
frog’s muscle) the muscle proteins arc coagulated, and death of the 
muscle results At the same time, the muscle undergoes pronounced 
shortening and loses its natural translucency This state is called heat 
rigor It resembles rigor mortis, a term given to the stiffening of the 
muscles of the body generally which occurs in from 1 to 7 hours after 
death 

Elcctncal changes in muscle. Like nerve and other excitable tissues 
an action potential is developed in muscle when it contracts, the active 
region of the muscle being negative to the inactive region A current of 



Fig 1 1 28 The rbewcopjc preparalton (See text ) 


injury can also be demonstrated when one electrode is placed on a 
crushed or cut end of the muscle the other upon the uninjured surface 
and the two electrodes connected through a galvanometer (see Fig 
1 1 8, p 470) The action current or the current of injury m muscle 
can be used to excite the nerve of another isolated muscle This so 
called rheoscopic preparation is shown m Figure 1 1 28 When the 
nerve of muscle A {upper sketch) is placed so that one part rests upon 
the cut surface of muscle B and another part of the nerve is made sud 
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denly to touch a point on the uninjured surface of B, a slight twitch of 
A occurs each time the contact is made Similarly, if B (lower sketch) 
IS stimulated to contract, a twitch of A occurs as the wave of contrac- 
tion passes beneath a nerve which touches the contracting muscle at 
two points, a potential difference being established as the contraction 
wave spreads between the active (contracting) part of the muscle and 
the inactive (resting) part 

Muscular work and efficiency. Work, as defined by the physicist, is 
the product of the load (expressed in grams, kilograms, or pounds) 
and the vertical distance (in millimeters, centimeters, meters or feet) 
through which it is raised According to the units of distance and 
weight employed, the work is expressed in grammillimeters, gram- 
centimeters, kilogrammeters, or foot pounds 

The isolated muscle can be made to perfonn work by stimulating 
It to contract and lift a weight A load of a known weight is attached 
to the lever at the point of attachment of the muscle, which is then 
stimulated The height above the base line of the tracing inscribed by 
the lever is measured This measurement, however, is not the actual 
distance through which the weight has been raised, for the shortening 
of the muscle has been magnified by the lever The distance as meas- 
ured must therefore be divided by the magnification of the lever, which 
is usually five 

The work performed by the gastrocnemius muscle of the frog is 
most suitably expressed in grammillimeters (gmm) For example, a 
muscle that lifts a weight of 1 gram to a height of 2 mm does 2 gmm 
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Fig 1 1 29 Diacram to show the melhod of measuring 
muscle work Heights of contractions along vertical lines, 
weights in grams along the horaontal line (After Mc- 
Kendrick ) 

of work The muscle, when loaded with a heavier weight, may not raise 
It so high yet may do more work Thus, if it lifts a weight of 4 grams 
on\y \ mm rt does 4 gmm of woik Starting with a UgVit load and gtadu 
ally adding to it for a number of successive contractions, it is found 
that the work performed increases up to a maximum and then falls off 
There exists, therefore, an optimum load^ — that is, a load with which 
the muscle performs the maximum amount of work (see Fig 11 29) 
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Since the work, as just defined, is the product of the load and the lift, 
no work is done by an unloaded muscle when it contracts, nor by one 
that contracts against a weight that it is unable to lift In both these 
instances, however, there is an expenditure of energy which is denved 
from chemical processes taking place in the muscle, all of this energy 
appears ultimately as heat 

The fibers of a muscle contracting against a resistance, such as a 
weight that it cannot move or a stifl spring that it cannot bend, of 
course, do not shorten The tension withm the muscles increases, how* 
ever Such a contraction is called isometric (Gk isos, same -f metron, 
measurement) An isotonic contraction, on the other hand, is one la 
which the muscle shortens, but its tension remains almost constant 
throughout the contraction In the body both types of contraction take 
place The isometric type is seen in those muscles that maintain the 
body’s posture, such as the extensors on the front of the thigh These 
exert a constant pull upon the leg, and thus hold the limb in the ex- 
tended position to afford a firm support for the body The movements 
of the limbs, as m walking, lifting objects with the hands, or throwing 
a ball, are brought about by isotonic contractions 

Of the total energy expended by any machine, a part appears as 
mechanical work, the remainder ^ing dissipated as heat The efii 
ciency of the machine is defined as the percentage of the total cner^ 
that appears as work Thus 


worK 

cicncy « energy (work -|- beat) 

As mentioned above, a muscle contractuig tsomctncally or without 
a load performs no work, all the energy is dissipated as heat Contract 
mg with an optimum load, on the other hand, muscle has an efficiency 
of from 25 to 30 percent, which compares favorably with that of the 
best type of gasoline engine By measuring the heal produced by a 
muscle dunng its contraction and the work done, its efficiency can be 
readily calculated from the equation given above In making the cal- 
culation, the energy appearing as work and as heat must, of course, be 
expressed in the same units We may express the work m heat units 
(c g , microcaloncs) Now, the heat equivalent of a grammillimeter is 
00235 microcalone Therefore, if the heat produced is 8 4 micro- 
calones, and the work performed is 1200 gmra, then the total energy 
expenditure expressed as heat can be calculated as follows 
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Heat produced =» 8 4 microcalories 
Work = 1200 gmm 

Heat equivalent of the work = 1200 X .00235 = 2.8 microcalories 

The total energy expenditure is, therefore, 8.4 + 2.8 =• 11.2 microcalories. 

The efficiency is = 25 percent 

The chemical constitution of muscle. Fresh muscular tissue, which 
comp oses the lean part of b eef, pork, etc , contains about 20 percent of 
protein and around 75~pefcertt of water. The remaining 5 percent is 
made up of minerals and various organic compounds (glycogen, glu- 
cose, lipids, steroids, and nonprotein nitrogenous compounds). The 
principal mineral in the muscle cell (fiber) is potassium, which has a 
concentration of around 400 mg per 100 grams; magnesium, phos- 
phorus, sodium, and calcium are present in much lower concentrations. 
The chief nonprotein nitrogenous substances are creatine, phospho- 
creatine, adenosinetriphosphate, carnosine, and urea. The main pro- 
teins composing the contractile elements of muscle (the micellae) are 
myosin and octm. These two proteins ate in very close functional asso- 
ciation in the micellae; the combination, known as actomyosin, is of 
essential importance in the contractile process 

The pigment of muscle, called myoglobin or muscle hemoglobin, is 
closely allied chemically, as well as in function, to hemoglobin. 

The chemistry of muscular contraction. Muscle derives the energy 
for its contraction, ultimately, from the combustion of carbohydrate; 
in the final step of this process, oxygen is consumed and carbon dioxide 
(CO 2 ) and water (HjO) produced. The actual contraction of the 
muscle, however, is brought about by the explosive separation of a 
molecule of phosphoric acid from adenosmetriphosphaie (abbr. ATP), 
a compound composed of adenylic acid (a nucleotide, p. 366) and 
three molecules of phosphoric acid. Adenosinediphosphate (ADP) is 
thus formed. This reaction is the very first to occur when the muscle 
fiber contracts. The molecule of phosphoric acid split off from ATP 
combines with glycogen present in the muscle fiber.^ Instantaneously 
with the acquisition of phosphoric acid, the glycogen splits off a mole- 
cule of phosphorylated glucose, called glucose phosphate, which is con- 
verted through a series of intermediate reactions to fructose diphos- 
phate (i.e., fructose combined with two molecules of phosphoric acid). 
The fructose diphosphate passes through a series of complicated reac- 
tions to form lactic acid. After the transfer of phosphorus from ATP 
to glycogen and the formation of ADP< phosphocrcatine splits into 
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phosphocreat.nc crealine + phosphonc acid 

pnosphonc acid -f- ADP ATP 

breakdrl^of 7^7'’ °f ">= "lusclc fiber From Ihe 

ton ofAT P''“p'ioer=n„ne « der.ved ,he energy for the reforma 
resvn^h^^ H T P*'”?'’®''"' ADP Phosphocreatme is also 

Sdo7 of , “T b=ras denved from the 

breakdown of glucose phosphate to lactic acid 

and "■ “> dioxide 

and water The remainder (four fifth,) is resynthesized to glycogen m 

hc,^ cal r?f “ T E-” of '■’= 

ztmT onlv °"r « dependent upon a specific cn 

latter ^ ^ referred to and it will be spoken of 

weh'l', 177' u! Pf'ospltoric acid from ATP and its resynthesis as 
ahspur, 7 of phosphocreatme can be earned out m the 

and th^ breakdown of glucose phosphate to lactic acid 

of oxvocn phosphocreatme can only occur in the presence 

T // therefore two phases rn the coniractile process — 

a no/7onrfo/»e anaerobic or contraction pha^c^nd an oxidame aero 
. phase This latter is necessary to restore energy 

producing substances and permit continued contraction of the muscle > 
h-ic^^ ^*^ ^* **^ *’®f3lionships are concerned the muscle fiber 
en compare to a submarine which while submerged is driven 
y energy stored in electric batteries oxygen beine not required this 
anaerobic phase of the process in the mus 
batteries are recharged when the submersible reaches the sur 
oxygen eing then necessary This corresponds to the aerobic or 
recovery phase of the muscle 

** ‘be foregoing account that the reac 

ns ea *^5^° lactic acid formation are required for the continued ac 
iviyo muscle contractions nevertheless can proceed for a time after 

capable *" ^''"ospbert of n trogen) n therefore 

H not * con.Ktct^ble « me Lacf c ac d however 

the imiabhiy^oMhe ®*Tcogcn but accumulatlne reduces 
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the production of lactic acid has been entirely suppressed; the reaction 
is therefore not essential for the actual contraction. The production of 
lactic acid from the breakdown of carbohydrate in the isolated muscle 
can be prevented by treating it with a drug called sodium iodoacetate; 
yet the muscle so treated responds to stimulation for some time, or un< 
til the phosphocreatine store of the muscle is exhausted. But phospho- 
creatine cannot be reformed, since the energ)' for the resynthesis is de- 
rived from the glycogen to lactic acid reaction. A muscle poisoned by 
iodoacetate obviously cannot continue to respond for as long a time as 
can a normal muscle. The glycogen to lactic acid reaction, therefore, 
though not directly responsible for the contraction, serves, as it were, 
10 “rewind” the contractile mechanism — to “set the trigger” for the 
next contraction. Carbohydrate, then, is the ultimate source of the 
energy for the activity of the isolated muscle 
Table 1 1-4 presents a summary of the chemical changes occumng 
during and immediatel} after its contraction 


Table 11*4 


(a) Adenosiaetnphosphate 
(ATP) 


(b) Phosphocreatine 


f phosphoric acid 
( + 

i adenosinediphosphate (ADP) 

1 creatine 

phosphoric acid 


immediate 
energy for 'i 
eoniraction I 

energy for re- 
synthesis of 
ATP (ADP 4- 
phosphoric 
acid) 


(c) Glycogen to lactic acid through 

glucose phosphate, fructose 
diphosphate and a number 
of enzymatic reactions 

(d) Oxidation of ^ lactic acid 

produced 


energy for rc- 
synthesis of 
phosphocreatine 

energy for re- 
synthesis of re- 
mainder (^ ) of 
lactic acid to 
glycogen 


The transformation by the muscle fiber of chemical energy into me- 
chanical energy resulting in movement. The shortening (contraction) 
of the micellae is the fundamental mechanical change that occurs in 
the muscle fiber when it is excited to contract. We must now consider 
the possible way in which the loss of a molecule of phosphoric acid 
from adenosinetriphosphate (ATP) brings about this change. The 
contraction of a whole muscle is simply the sum of the shortening tak- 
ing place in the millions of micellae that the muscle contains, and it 
is strongly suggested that the shortening of the micellae is due, in turn. 
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1 1 30 Showing a myosin mole 
culc m an cxleoded (1) and in a folded 
or contracicd state (H) 


to the shortening by folding or 
rolling up, of the long chains of 
molecules constituting the mus- 
cle proteins (Fig 11 30) 

In the ultramicroscopic study 
of proteins of hair (e g , wool 
feathers, etc), it has been 
found that their molecules arc 
arranged in long roughly paral 
lei and more or less folded 
chains The hair can be length- 
ened by stretching it, when re- 
leased It returns to its original 
length This property of such 
structures is due, it is believed 
to the unfolding and refolding, 
like a concertina, of the long 
ammo acid chains of its con 
stituent protein When healed 
or treated with a strong cherai 
cal, the natural condition of the 


. protein in the hair is altered 

e nair is permanently shortened and its inherent elasticity destroyed 
as a result of the tight irreversible folding of the ammo-acid chains of 
Its proteins Thus is explained the shrinkage of woolen fabnes 
Now, myosin like the fibrous proteins of wool and other hairs, is 
composed of long chains of ammo acid molecules A chemical change 
m the environment of the molecules (brought about by the splitting of 
a p osphoric acid group from adenosmetriphosphale it is supposed) 
causes folding of the molecular chains and, as a consequence, shorten 
mg of the micellae When the chemical conditions which induced 
shortening of the micellae have disappeared, the latter return to their 
previous length, the muscle fiber relaxes 
A chamhke molecule of a fibrous protein m the folded (contracted) 
and m the unfolded (relaxed) state is shown m Figure 1 1 30 

yosin an enzyme The surprising discovery was made a few years 
ago (1939) that myosin — one of the essential proteins in the muscle 
cr, and which with actin, largely composes the micellae — appears to 
DC Iiscu an enzyme required for ihe splitlmg, with lishtninglikc ra 
pidity, of adenosmetriphosphale * 
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As a machine the muscle fiber is unique. There is no man-made me- 
chanical device with which it can be compared satisfactorily. The mus- 
cle is a chemical machine and a comparison has been drawn between it 
and the internal combustion engine in which the firing of a mbrture of 
gas and air moves a piston. The comparison would be closer if an en- 
gme were conceived in which the spark which ignites the gas mixture 
and the piston were one and the ^ame. A piston raised to a high tem- 
perature would, in a way, be comparable to myosin, for this protein, 
being the moving part of the muscle as well as an enzyme through 
which the initial energy is liberated, corresponds to both piston and 


I 

I 


6 t » 0 I I 5 4 6 

£(in. 

Fig. 11.31 Diagram showing the stages of heat production by muscle during 
and following a short tetanic contraction. The three rectangles represent the 
initial heat. 1, heat produced at (he commencement of the contraction; 2, that 
produced during the mamtenaoce of (he contraction, 3, relaxation heat, 4, re- 
covery heat. (After Evans, Recent Advances in Physiology.) 

spark. But the muscle fiber is hot, like the gasoline motor, a heat en- 
gine utilizing the pressure generated by heated gas molecules for 
power. Muscle gains the energy for its contraction largely from the 
bonds which hold certain phosphoric acid groups to organic com- 
pounds, such as adenosinetriphospbate and phosphocreatine. 

Heat production in muscle. It has been mentioned that during the 
isometric contraction of muscle, the total energy expended appears as 
heat. The heat production is divided into two phases, termed the initial 
heat and the recovery heat. The initial heat comprises the heat pro- 
duced in chemical reactions during the contraction of the muscle {con- 
traction heat) together with a smaller quantity which appears during 
relaxation (relaxation heat ) . The latter results from the conversion to 
heat of the energy exhibited as tension during the contraction phase. 
The initial heat is produced during the anaerobic phase of the con- 
tractile process; it, but not the recovery heat, is therefore generated by 
a muscle contracting in nitrogen The recovery heat appears after re- 
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laxatxon is over, and is due mainly to the otidalxon of lactic acid 
(Fig. 11.31). 

Tlie phases of heat production are summarized in the following 
table: 

1. /m'fifll hear = 45 percent of the total heal, 

a Contraction heat 65 percent of the initial heat, 
b. Relaxation heat 35 percent of the initial heal. 

2, Reco\ try heat ss 55 percent of the total heat. 

The Physiology of Muscular Exercise 

Oxygen debt. In strenuous muscular exercise of brief duration, only 
a fraction of the oxygen required for the recovery phase of the contract* 
ing muscles is breathed during the course of the exercise. For exam- 
ple, the oxygen requirement for a race of 100 yards, which lakes only 
a few seconds to run, is 6 Jilcrs or more. Yet the quantity of oxygen 
which can be absorbed in this time is less than I liter. Indeed, a short 
race can be run with the breath held. In other words, the sprinter goes 
into debt for oxygen during the race, and pays up later. Thus the oxy- 
gen consumption after the exercise perjod is much higher than during 
an ordinary period of rest. The extra oxygen is utilized in the removal 
of the lactic acid produced during the exercise. The size of the oxygen 
debt for any piece of work is determined by measuring the oxygen con- 
sumption of the after-period of exercise, and subtracting from the re- 
sult the figure for the oxygen consumption of a corresponding period 
of rest. During very strenuous muscular effort, the oxygen debt may 
amount to 1 5 liters or more 

The ability of the muscles to contract, without receiving the full 
oxygen requirement until the work has been completed, has an obvious 
advantage. Short periods of strenuous exercise can be undertaken 
which would otherwise be impossible, for the respiratory and circula- 
tory systems are quite unequal to the task of furnishing, during the 
exercise, the great volume of oxygen which is ultimately used in the re- 
covery process. The maximum quantity of oxygen that can be delivered 
to and consumed by the tissues of a large healthy man is not more than 
about 2 liters per minute and, of most persons, considerably less than 
this. 

In light exercise no oxygen debt is incurred. The lactic acid is re- 
moved as it is produced; in other words, the body, in so far as oxygen 
consumption is concerned, “pays os it goes.” Lactic-acid production 
and its removal are nicely balanced; a "steady state” is established. 
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When the “steady state” has been reached, a person engaged in aft ath- 
letic performance of some duration — such as running, rowing, etc. — * 
breathes with less effort. As the expression goes, he has got his “second 
wind.” 

The source of the enci^ for muscular work. We have seen that the 
energy for the contraction of the isolated muscle is ultimately derived 
from carbohydrate. Glycogen is broken down through glucose phos- 
phate and fructose diphosphate to lactic acid. In the numerous studies 
of the respiratory exchanges of (he isolated gastrocnemius muscle of 
the frog during contraction, respiratory quotients of 1.0 (p. 354) are 
obtained. In the intact animal carbohydrate is also the fuel for short 
bouts of muscular exercise After a sprint, for example, a fall in blood 
sugar may occur, and the ingestion of glucose prior to a race is now 
recognized as a valuable means of postponing fatigue and enhancing 
muscular performance In prolonged and exhausting work the carbo- 
hydrate stores become depleted, fat is then burned to furnish the re- 
quired energy. Protein apparently is not utilized in muscular exercise, 
or, if so, to a very small extent. 

The adjustments in the respiratory and circulatory systems in mus- 
cular exercise. During strenuous muscular effort, the quantl^ of air 
breathed is from 300 to 400 percent greater than during a resting 
period of the same length The greater pulmonary ventilation is 
brought about by an increase In the respiratory rate, as well as by an 
increase in the volume of each breath The increased breathing occurs 
at the very outset of exercise; indeed, it has been shown in experiments 
upon man that it may actually anticipate the exercise by a brief inter- 
val — that is, an effect upon the respirations may be noted at the instant 
a signal has been given to start some muscular act, and before the mus- 
cles contract. Changes in heart rate and blood pressure may also pre- 
C'Sih the ct^ntrsctions of the museies The joBvejice thejespjrjsiory 

and circulatory systems at the commencement of or preceding the ex- 
ercise is due to impulses from psychic levels of the brain, and probably 
also from the motor area of the cerebral cortex, upon the centers in the 
medulla. The efficiency with which the work is performed is also un- 
doubtedly influenced by emotional factors These act most likely by 
bringing about more perfect coordination of respiratory and circula- 
tory mechanisms, but also, probably, through a direct effect upon the 
muscular contractions themselves. A man is spurred to greater effort, 
and is a more effective worker, if the work interests him than if he isj 
bored with it, or does it as a matter of routme. In emergencies or dur- 
inc excitement — “in the heat of the moment” — feats of strength of en- 
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durance are accomplished which, in the absence of the emotional fac- 
tor, would be impossible It is likely that adrcoalme liberated into the 
blood stream through nervous influences plays a role in some instances 
(pp 420-1) 

If the exercise is severe, chemical factors soon come into play to 
increase the pulmonary ventilation The production of lactic acid and 
carbon dioxide in the muscles causes a slight increase m the hydrogen 
ion concentration of the blood which acts as a stimulus to the respira- 
tory center The greater carbon dioxide produced by the exercise is 
thus eliminated 

The adaptations of the circulatory mechanism m exercise are of a 
highly complex nature The blood pressure rises to from 160 to 
180 mm Hg as a result of constriction of the vessels in the splanchnic 
region The carotid sinus depressor reflex is in abeyance or neutralized 
by pressor reflexes The vessels in the muscles themselves dilate A 
larger proportion of the blood volume is diverted, therefore, to the ac- 
tive muscles than during rest The vasodilatation m the muscles is due, 
mainly, to chemical substances — namely, carbon dioxide and lactic 
acid, products of the contractile process — acting directly upon the ves- 
sels Not only do the muscles receive a greater proportion of the total 
blood volume during exercise than during rest but, as a result of the 
contraction of the spleen, the volume of circulating blood may be m 
creased by from 20 to 25 percent The blood also circulates more rap- 
idly, the output of the heart and, consequently, the quantity of blo^ 
pumped per minute through the sj^temic and pulmonary vessels is in 
creased many fold In a large robust man performmg arduous work, 
the output of the heart may amount to 35 liters (nearly 8 gallons) or 
more per minute The greater cardiac output is the result of the greater 
venous return — thaf is, of the increased volume of blood flowing 
through the contracting muscles and earned along the great veins to 
the right side of the heart 

The effect of muscular exercise upon the heart rate vanes in differ 
ent persons 7n those untrained to muscular work, fhebeart acce'ierfltcs 
markedly, a rate of from 110 to 120 per minute being not unusual, 
whereas the heart of the athlete may show little or no acceleration dur- 
ing muscular feats of a highly exacting character, such as spnnting or 
rowing Through the respiratory and circulatoiy mechanisms just de 
senbed, the maximum load of oxygen is delivered to the contracting 
muscles The oxygen supply is further augmented through the effect 
which the carbon dioxide and lactic acid produced m the muscle, and 
the local rise in temperafure, exert upon the liberation of oxygen uk . 
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oxyhemoglobin. As mentioned on page 251, increased acidity and a 
rise in temperature cause the hemoglobin to give up a greater part of 
its oxygen load. 

Athletic training causes a moderate enlargement of the normal 
heart. The enlargement is purely physiological, and is commensurate 
with the accompanying increased bulk of the skeletal muscles. En- 
largement (dilatation and hypertrophy) of the heart occurs when the 
heart is damaged; and athletes, of course, like anyone else, may be 
subjects of heart disease. Because some athletes have shown cardiac 
dilatation and hypertrophy or other evidence of heart disease, it used 
to be thought that athletics, if engaged in loo enthusiastically, led to 
heart disease. It is now generally admitted, however, that the well- 
conditioned heart of the young adult is not damaged by even strenu- 
ous exercise. The skeletal muscles fatigue before a healAy heart does. 
In other words, the heart free from disease can perform the greatest 
task which is ever demanded of it The work of the heart consists in 
discharging the blood conveyed to it, and the skeletal muscles ate not 
capable of driving enough blood along the veins to tax its powers. On 
the other hand, a person with a diseased heart, should be mdulge in 
strenuous exercise, runs a senous nsk, if not of inducing cardiac fail- 
ure, of at least causing serious damage to his heart. In apparently 
healthy persons after middle age, the state of the heart muscle is an 
unknown quantity, and for thb reason excessive muscular effort should 
be avoided 


CHAPTERJ^ 12 

The Central Nervous 
System 


Tlie structure of nerrotis tissue. The brain and spinal cord are com- 
posed of nerve cells with their processes — the nerve fibers — and new- 
rogUal cells. The bodies of the nerve cells, and their processes for a 
short distance from their origin, compose the gray matter of the cen- 
tral nervous system. The nerve fibers, collected into bundles or tracts, 
constitute the while matter. Neuroglial cells perform no essential nerv- 
ous function; they form a supporting framework for the nervous ele- 
ments proper. There are three types of neuroglial cells, called, respec- 
tively, oligodcndroglia (oroligodendK>cytes), astrocytes, andmicrOglia 
(see Fig 12.1). The last mentioned are elements of the reticulo- 
endothelial system 

The nerve cell or neuron is the structural unit of the nervous sys- 
tem It consists of a body and one or more processes. The cell bodies 
in different parts of the nervous system vary widely in size (4 to 25 
microns) and in shape (triangular, mulliangular, round, spindle- or 
pear-shaped) In respect to their internal structure, however, all pos- 
sess certain characteristics in common. The typical nerve cell has a 
relatively large globular nucleus situated near the center of the cell and 
containing, as a rule, a single nucleolus. The cytoplasm, or pericaryon 
— that is, the part of the body of the cell exclusive of the nucleus — 
shows, after suitable staining procedures, fine fibrils— the neurofibrils. 
These course through the cell body from pole to pole, sweeping around 
the nucleus. Their presence in the nerve fiber has been mentioned on 
page 461. When stained with an appropriate basic dye, the cytoplasm 
of the nerve cell exhibits a striated or mottled appearance, due to the 
506 
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Fig 12.1 Types of nerve and neuroglia cells. A, motor cell from anterior bom 
of tbe spinal cord,B, unipolar nerve c^; C, giant pyramidal cell from the motor 
area of the cerebral cortex; D, Purkinje cell from the cerebellar cortex; E, 
ollgodendroglia cell, F, astrocyte of neuroglia; G, microglia. 

presence of irregularly shaped particles, resembling the chromatic ma- 
terial of the nucleus. These particles ate called Nissl bodies or (from 
their tendency to be arranged in rows, thus suggesting a tiger’s stripes) 
tigroid bodies or the tigroid substance (see Fig. 12 2). 

In 1949 Dr. Murray Barr made the astonishing discovery that the 
nerve cells of females could be distinguished histologically from those 
of males. The nucleolus in the nerve cells of the former shows adjacent 
to it a minute body composed of chromatin. This “nuclear satellite,” 
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f?. ? ^ drawing (scmidiagrammat c) of a nerve 
cell All but one dendnte have been cut 


as It was originally called is not found except very rarely m the nerve 
ce Is of males The dot of chromatin has since been shown to be pres 
cnt in the cells of the other tissues of the body in which it lies near the 
nucleolar membrane it is now mote usually referred to as the sex 
chromatin (see p 666) 

A nerve cell possesses as a rule many processes which vary very 
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Fig. 12 3 Diagram lo show how a few nerve cells may com- 
municate with a great number of others m different parts of the 
central nervous system 


widely in length, thickness, and general appearance, according to the 
type of cell. These processes are of two kinds called, respectively, den- 
drites and axons. The dendrites which are usually multiple, though 
they may be single or even absent, conduct impulses toward the body 
of the cell; the axon conducts from the cell body. A typical dendrite 
has many branches (Gk. dendron. a tree), whereas the axon, which 
usually arises from the opposite pole of the cell is, as a rule, a long 
slender fiber with no branches near (he cell body; it branches near its 
tecmitULtioa, oc it may give off twigs at intervals along its length and 
more or less at right angles to it. The axon is always single. 


Fig. 12 4 Eod feet (rep- 
resented by small black 
ovals) or pieds iermt- 
neaux making contact with 
the body and the dendntes 
of a nerve cell; A, axon; 
D, dendrites. 
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The processes of nerve cells constitute the fibers — both motor and 
sensory — making up the white matter of the brain and spinal cord 
and, gathered into bundles, compose the peripheral nerve trunks Thus 
some processes, such as those extending from the lower part of the 
spinal cord to the toes, are 3 or 4 feet long in man Structurally, there 
IS nothing to distinguish these two types of long nerve fiber from one 
another 

Neurons are linked together in the central nervous system axon 
to dendrite or to the cell body Through the formation in this way of 
chains of two or more links long and often very intricate conducting 
paths are established tn the nervous system (Fig 123) Ajunctionbe 
tween the axon of one neuron with a dendrite or the cell body of an 
other IS called a synapse There is no actual structural union of two 
neurons at the synapse — merely contact The axon terminates m a 
small swelling calfed a synaptic nob end foot, or pied termmeau 
through which it makes contact with the dendrite or body ©{.another 
nerve cell (Fig 12 4) 

Reflex Action 

A nervous reflex is an involuntary act brought about by the stimula 
tion of an afferent nerve ending or receptor (p 514) Familiar exam 
pics of actions which are purely reOex in nature are the following the 
quick closure of the eyelid when some object touches the eyelashes or 
even suddenly approaches and threatens to strike the eye the sudden 

SYNAPSE 


Fig 12 5 Diagram of the simplest conceivable reflex ore 

Withdrawal of the hand or foot when it is painfully stimulated, the 
sharp recovery of one s balance when, as a result of a slip the body’s 
center of gravity is suddenly shifted and the jerk of the leg (knee jerk 
p 518) when the patellar tendon is tapped sharply Though such re 
flex acts are brought about involuntanly, we arc aware that they have 
occurred, but innumerable reflex acts of which we arc quite uncon 
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scious — e g , the movements of the gastromtestma! tract, variations in 
heart rate and respiration, changes m caliber of the small blood vessels, 
the secretion of glands, etc — are continually taking place in the body 
The reflex arc. The structural basis of reflex action is the reflex arc 
The latter may be descnbed m its simplest conceivable form as consist 
mg of two neurons, linked together m the central nervous system, axon 
to dendrite (see Fig 12 5) The two neurons arc thus arranged, one 
with Its axon, the other with its dendrite, directed toward the penpheiy 
The latter receives the stimulus, and transmits impulses to the central 
nervous system where, through a synaptic contact, the two nerve cells 
are linked, it is therefore called the receptor neuron, or the afferent 
limb of the reflex arc The other neuron, which transmits impulses 



Fig 12 6 Diagram of a spinal reflex arc with Its center iQ the 
spmal cord showing receptor and effector neurons connected 
by the connector neuron (lo the spmal cord) 


from the central nervous system to the penpheral organ, muscle, or 
gland, IS called the effector neuron or the efferent limb of the reflex arc 
The region in the central nervous system (brain or spinal cord) where 
the two neurons form their junction (synapse) is referred to as the 
reflex center. Thus a stimulus applied to the terminal of the receptor 
neuron sets up an impulse or a volley of impulses which is transmitted 
to the reflex center, a discharge of impulses then occurs down the ef- 
fector neuron to the penpheral organ or effector (e g , muscle or 
gland) 

For the sake of simplicity in illustrating the general pnnclples of 
the reflex arc, one composed of only two neurons has been described, 
but It IS unlikely that more than a very few such sunple reflex arcs * 
exist in higher animals One nerve cell, at least, is, as a rule, interposed 
between the receptor and effector neurons This is called the connector, 
internunciaj, or intercalated neuron In the great majonty of reflex arcs 
m the central nervous system of mammals, not one but a chain of such 
connector neurons is present 

1 One of these is that of the knee jeih (p SIS) 
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A diagram of a simple reflex arc having its center in the spinal cord 
is shown in Figure 12.6. It will be noted that the cell body of the re- 
ceptor neuron is situated, not within the cord itself but just outside — 
namely, in the ganglion of the posterior root of a spinal nerve. Hie ef- 
fector neuron has its cell body in the anterior bom of gray matter (an- 
terior or ventral horn cell, p. 524); its axon leaves the cord in the 
anterior root of the spinal nerve, and is continued into a peripheral 
nerve. The connector neuron has its cell body in the posterior (donal) 
hom of spinal gray matter; its axon synapses with the dendnte of the 
anterior bom cell; its dendrite with the central process (axon) of the 
receptor neuron 

In most reflex actions of higher animals, a great number of reflex 
arcs are involved. For example, should a person’s arm be given a sharp 
and unexpected slap, he would jerk the arm away; associated move- 
ments of the shoulder and trunk would probably occur; be would turn 
his head and eyes toward the source of the injury and, most likely, 
utter an exclamation of some sort. A large number of muscles — those 
of the arm, shoulden, trunk, neck, eyes, tongue, larynx, and Tespira- 
tion — ^would therefore take part In the action Each muscle is supplied 
in turn by a large number of nerve fibers — effector (motor) neurons— 
and the stimulus must have excited a large number of afferent nerve 
endings — receptor neurons — in the skin. If instead of slapping the skin, 
which stimulates a relatively large area, a stab were made with a pin, 
the reflex response would probably be the same. A movement involv- 
ing a large number of muscles would result Yet, as compared with the 
slap, the pin must have stimulated much fewer sensory endings. The 
number of effector (motor) neurons must have been greatly in excess 
of the sensory endings which had been stimulated. Each receptor neu- 
ron must therefore be connected within the central nervous system 
with a large number of effector neurons As a matter of fact, every re- 
ceptor neuron is potentially in communication with motor neurons 
throughout the entire spinal cord and brain. The synapses, normally, 
offer a certain “resblance” to Uic passage of impulses which limits the 
spread of excitation within the central nervous system. In strychnine 
poisoning or in tetanus, however, synaptic resistance is greatly dimin- 
ished; a very weak localized stimulus then sets up impulses which 
spread widely throughout the central nervous system, and may cause 
forcible convulsive contractions of virtually all the voluntary muscles 
of the body. 

Not only is each afferent fiber in communication with a large num- 
ber of effector neurons, but, conversely, each of the latter is connected 
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with many afferent fibers. That is to say, stimulation of sensory nerves 
in widely separated parts of the body may bring about reflex contrac- 
tion of one and the same group of muscles. An anterior horn cell of 
the cord is, therefore, a point of convergence of a number of afferent 
paths, each motor neuron serving as a pathway common to impulses 
from various sources (see Fig. 12.7). It is therefore called the final 


Fig. 12.7 Diagram to illustrate (he 
final common path, (o v.hich hben 
converge from a number of sources. 
1, cerebral cortex; 2. corpus stnatum; 
3, red nucleus; 4, cerebellum, 5. semi- 
circular canals; 6, vestibular nucleus; 
7, skin; S, muscle spindle; 9, an- 
terior horn cell (final common path); 
10, skeletal muscle. 



common path. For example, scratching the back of a spinal dog (i.e., 
one whose spinal cord has been severed in the upper thoracic region 
some weeks previously) causes rhythmical contractions of the flexor 
muscles of the hind limb (scratch reflex). Painful stimulation of the 
hind paw also causes contraction of the flexor muscles of the limb, the 
paw being thus withdrawn from the injurious agent (flexor reflex). 
If one should attempt to elirft both these reflexes at the same time, 
there must obviously be a conflict between them. They are antagonistic 
and cannot both employ the final common path at the same instant. 
In such and other instances of two antagonistic reflexes competing for 
the final common path, the one of less biological importance gives way; 
it is suppressed. TTius, as compared with a painful stimulus which sig- 
nals some injury to the animal, the momentary irritation of a flea is of 
little importance. It is otherwise wlh reflexes which are allied in na- 
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ture; they can utilize the final common path simultaneously; one reflex 
tends to strengthen or reinforce the other. For example, stimulation of 
the toes of the hind paw causes flexion of the corresponding limb. If 
the opposite forepaw is stimulated simultaneously, the flexion of the 
hind limb is strengthened. 

Receptors. Most types of afferent nerve terminate at the periphery 
in specialized structures, known as receptors or sense organs. There 
are various types of receptor, each being especially adapted to respond 
to a particular kind of stimulus. Those of the skin, for example, re- 
spond to mechanical or to thermal stimuli, the rods and cones of the 
retina to light, the taste buds and olfactory cells to chemical stimuli, 
and those of the ear to sound vibrations. The energy of the stimulating 
agent is converted by the receptor, in each instance, into nerve im- 
pulses. 

Receptors fall into three main classes — namely, exteroceptoh, pro- 
prioceptors, and interoceptors. Exteroceptors are those which receive 
stimuli from the external environment. The receptors of the eye, ear, 
and skin, and those of taste and smell — i e., those of the five senses— 
come under this beading The receptors of sight, hearing, and smell are 
sometimes also called distance receptors or telereceptors, since they 
make possible perception at a distance (see PI. 9A). 

Proprioceptors receive stimuli which arise within the body Itself. 
The skeletal muscles, the tendons and joints, the lungs, heart, and ab- 
dominal viscera, as well as certain arteries (carotid and aorta, see 
p. 199) and veins, contain receptors which respond to changes in the 
activity of their immediate surroundings (internal environment). Most 
receptors in the viscera give rise to no sensation and serve reflex ac- 
tions of which v.e are quite unaware. The proprioceptors situated in 
the skeletal muscles are stimulated by the contraction or stretching of 
the muscle fibers; these, called muscle spindles, have been 'described 
(p 483) Of the Impulses set up by the stimulation of proprioceptors 
in muscles, tendons, and joints, some reach consciousness; to such im- 
pulses is due our sense of the movement and position of our limbs-^ 
kinesthetic sense. Many impulses set up by muscular movement end, 
however, in parts of the central nervous system (e.g., spinal cord and 
cerebellum) which carry out their activities beneath the level of con- 
sciousness. The tonic contractions of skeletal muscle, as well as the 
smooth and coordinated nature of wluntary movement, arc depend- 
ent upon impulses, both sensory and nonsensoiy, arising in the muscle 
proprioceptors. 

The interoceptors are situated in the mucous membrane of the re* 
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spiratoiy and alimentary tracts. Though removed from direct influence 
by the external environment, these receptors, nevertheless, are stimu- 
lated by agencies originating in the outside world — namely, air and 
food. 

Conduction over the reflex arc. Reflex conduction differs from con- 
duction over nerve fibers in several particulars. In the first place, the 
velocity of transmission of impuhes over the reflex arc is considerably 
lower than that over the nerve fiber. For example, if a muscle is caused 
to contract reflexly, the time elapsing between the application of the 
stimulus to the receptor and the response of the muscle is considerably 
greater than if the impulses had traveled the same distance over a 
nerve fiber alone. The difference is due to the synapse, where the im- 
pulses are delayed. Second, conduction in the reflex arc is always in 
one direction — to the reflex center m the afferent Hmb, away from the 
center in the efferent limb. When a nerve fiber is stimulated, impulses 
travel in both directions. If, for example, a motor nerve fiber is cut just 
after it leaves the spinal cord, and the central end stimulated, impulses 
are set up which travel along the efferent fibers to the spinal center. But 
these impulses, caused by the artificial stimulus, do not reach the affer- 
ent neurons; they are blocked at the synapses. The latter thus acts like 
a valve, permitting impulses to pass in one direction over the reflex 
arc, but not in the other. (See also p. 521.) 

Third, reflex conduction is much more susceptible to lack of oxy- 
gen, fatigue, and to the action of anesthetics. We have seen that the 
nerve fiber has a very low rate of metabolism (p. 478), and will con- 
tinue to respond to stimulation for a considerable time when deprived 
of oxygen. The metabolism of nerve cells, on the other hand, is high, 
and the cells very soon lose their uritability when deprived of oxygen. 
The cells of the cerebral cortex, for example, are permanently injured 
if their blood supply is cut off for 5 minutes or so The lower levels of 
the central nervous system are somewhat less susceptible to lack of 
oxygen: the cells of the midbrain continue to function for 10 minutes 
after their blood supply has been arrested; the centere of the medulla 
oblongata for from 15 to 30 minutes; and those of the spinal cord for 
from 15 to 35 minutes. 

In the presence of oxygen, the nerve fiber continues to respond to 
stimulation for long periods without showing fatigue, in marked con- 
trast to the reflex arc, which is readily fatigued. In the intact animal, 
general anesthesia (e.g., by ether or chloroform) quickly abolishes 
reflex action, whereas little effect is produced upon the excitability of 
the nerve fiber. Even after an animal has been killed by an anesthetic 
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(death being due to paralysis, by the anesthetic, of vital centere m the 
brain — e g , of heart and respiration), the nerves for some time later 
show little or no alteration m their responses to direct stimulation Of 
course, when an anesthetic is applied to an isolated nerve, us excilabil 
ity IS very quickly abolishedy Among other characteristic features of 
reflex action are summation, after discharge, and reciprocal inhibition 

Summation It was pointed out on page 476 that the magnitude of 
the nerve impulse cannot be increased by increasing the rate of stimu 
lation When a nerve receives stimuli in rapid succession, the impulses 
do not fuse and produce an impulse of greater magmtude, but always 
remain separate Summation, on the other hand, is readily demon 
strated m the reflex arc A single stimulus for example, applied to an 
afferent nerve, though it sets up an impulse, rarely causes a reflex re 
sponse If, however, two or more stimuli of the same strength as the 
single one are applied m rapid sequence, a response follows Each im 
pulse produces a state of some sort in the region of the synapse which 
IS capable of being added to or summed with, the state produced by 
previous impulses The nature of this state produced at the synapses— 
the central excitatory state as it has been called — is not clearly under 
stood but evidently it must be raised to a certain threshold value be 
fore excitation of the effector neurons can occur 

After discharge When a motor nerve is stimulated, the response of 
the muscle ends (t e , impulses cease to be discharged along the flbers 
of the nerve) the moment that the stimulus is withdrawn When, on 
the other hand, the muscular response is brought about reflexly, the 
muscle may continue to contract for a short time after the stimulus to 
the afferent nerve has ceased This reflex phenomenon is explained 
upon the basis that the central excitatory state, which has been built 
up at the synapse, takes an appreciable length of time to be discharged 
along the effector neuron and, therefore, persists after the stimulus has 
been withdrawn 

Reciprocal inhibition Stimulation of a motor nerve results in the 
contraction of all the muscles supplied by the nerve, irrespective of 
their actions, muscles having antagonistic actions (e g , flexors and ex 
tensors) contract and oppose one another No purposeful movement 
of the part is brought about, the motor nerve docs not contain lohibiy 
tory fi^rs In a reflex action, on the contrary, the muscular response 
consists of a coordinate movement — flexion of the knee joint, for ex 
ample (see flexion reflex, below) In such a movement, the flexors of 
the knee contract while the extensors undergo reciprocal inhibition 
(relaxation) The mechanism whereby extension or other antagonistic 
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action is inhibited has been much debated, but the inhibitory effect 
must be developed in the reflex center — that is, at a synapse ^tween 
the afferent and efferent neurons — tor, as just mentioned, the motor 
nerve itself does not contain inhibitory fibers. We therefore speak of a 
central inhibitory state as well as of a central excitatory state. 



Hg 12 8 lUustratiog reciprocal inhibition 


Reciprocal inhibition is also seen in voluntary movement. For ex- 
ample, in flexing the arm at the elbow, the contraction of the biceps is 
accompanied by reciprocal inhibition of the tnceps On the other hand, 
when the elbow is extended, the triceps contracts while the biceps re- 
laxes (Figs. 12.8 and 12.9). Such reciprocal muscular action is, of 
course, essential for the performance of any purposeful act. 

Certain limb reflexes of special interest. The flexion reflex. This re- 
flex consists of a strong contraction of the flexor muscles of the limb 
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(Wgethcr wilh inhibition of the eitcnsors— reciprocal inhibition) when 
he allerent nerve of the mme Ups, lateral) limb is stimulated The 
imb IS flexed at ankle, knee, and hip The biological significance of 
this reflex is evident, in the intact animal the limb is tvithdrawn, auto 
matically, from an agent which causes 
pain and, therefore, threatens injury ’ 
This and other reactions which are 
initiated by injury, and serve a pro^ 

I tective purpose, are called nociceptiv^ 
(L noceo I injure) reflexes 

The crossed extensor reflex This is 
a strong contraction of the extensors 
of the lunb which results from stunu 
lating the corresponding afferent 
nerve of the opposite (contralateral) 
limb It IS evident then, that this and 
the preceding reflex can be brought 
about simultaneously by the stmiula 
lion of a single afferent nerve In the 
everyday life of the animal, the two 
reflexes therefore compose a purpose 
ful act for, should one paw come m 
contact with something which stimu 
lates It painfully, jt is raised from the 
ground, while the body’s support is 
strengthened by extension of the op y 
posite limb 

The stretch reflex Stretching a 
muscle connected through its nerves 
with the spinal cord causes it to con 
tract The response is purely reflex 
Proprioceptors in the muscle — the 
muscle spindles — are excited by a 
stretch stimulus The impulses thus 
set up are transmuted to the spinal reflex center, a discharge of im 
pulses then occurring down the effector neurons A stretching force 
that lengthens the muscle by a small fraction of an inch is sufficient to 
c icit this reflex, its importance m maintaining a posture or attitude of 
the l^y for a prolonged penod will be spoken of presently 
The knee jerk and other tendon (or deep) reflexes A light tap upon 
the tendon below the kneecap (patellar tendon), while the knee hangs 



Hg 12 9 Reciprocal innerva 
ton Record from the kg mus 
cles of a decerebrate cat jhow 
Ing contraciion of flexors r, 
and inhibition of the exCensors 
E The two curves actually were 
inscribed synchronously but Ihc 
lever for Ihc extensor muscle is 
sel a liule to the right of that of 
Ihc flexor muscle (From Sher- 
rington ) 
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limply ill a semiflexed position, causes a quick contraction of the ex- 
tensor muscle on the front of the thigh (quadriceps muscle). The leg 
gives a sharp kick. This is called the knee jerk or patellar reflex; it is 
one type Of stretch reflex, the tap upon the tendon causing a sudden 
stretch of the thigh muscle. In the investigation of a person with nerv- 
ous disease, the knee jerk is tested as a matter of routine. The reflex is 
abolished in any condition which interrupts the reflex arc — namely, 
disease or injury of the peripheral nerves (efferent or afferent fibers) 
supplying the quadriceps muscle, or of the reflex centers in the lum- 
bar region of the spinal cord. It is exaggern /edJn-disease or injury in- 
volving the corticospinal tracts descending from the cerebral cortex to 
the cells of the anterior horns of the spinal cord (p. 526). Other ten- 
don reflexes of cllni^l„importance are the biceps and triceps jerks 
(tapping the biceps tendon in front of or the triceps tendon above the 
elbow) and the ankle jerk (tapping the tendo Achillis — the tendon 
above the heel). Loss of the biceps and triceps jerks indicates disease 
or injury of the nerves of the arm or of the motor cells in the thoracic 
region of the spinal cord, exaggeration of these reflexes is seen Ji udls- 
ease involving the fiber tracts connecting the cerebral cortex with the 
motor cells in the thoracic part of the spinal cord; abolition of the, -- 
ankle jerk tells of disease or injury involving the nerves to the leg 
muscles, or of the nerve cells of the lum- 
bosacral part of the spinal cord; exaggera- 
tion indicates a lesion of the motor tracts 
of the cord at hU level. 

Though they do not come under the 
present heading, it is convenient to men- 
tion here two cutaneous or superficial re- 
flexes of great clinical importance — name- 
ly, the plantar response and the abdominal 
reflex. The normal plantar response con- 
sists of a downward movement (plantar- 
flexion) of the great toe — i.e., toward the 
sole, when the skin of the sole is stroked. 

In certain nervous lesions (e g., injury to 
the corticospinal tracts), the great toe in- 
stead of being flexed toward the sole moves 
upward (dorsiflexion). This abnormal response is called the sign of 
Babinski (Fig. 12.10). 

The abdominal reflex consists in a contraction of the abdominal 
muscles caused by stroking the overlying skin. It is abolished in lesions 



Fig 12.10 Illustrating the 
normal plantar response, 
upper sketch, and the exten- 
sor response (Babinsky), 
lower sketch. 
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of the cortraspmal tracts, of the pcnpheral nerves, or of the reflex 
centers in the thoracic part of the spinal cord 
The axon reflex This ts not a reflex at all, m the ordinaiy sense of 
the term, for nerve cells play no part, that is to say, no reflex center 
u interposed m thepath^f the impuUcs The reflex dependsTipon the 
fact that impuUes can pass in either direction along a nerve fiber, in 
the Mon reflex, they travel from some or other receptive surface along 
one branch of the fiber (axon), and then down the other branch to an 

etfector— eg, smooth muscle or gland cell (see Fig 12 11) In the 



Fig 12 11 Showing (he 
structural basis of the 
axon reflex Note that no 
nerve cell u involved 
The arrows indicate the 
course taken by the nerve 
impulse 


lowest forms of multicellular animals, such as mollusks, worms, and 
in certain parts of insects, these reflexes play a prominent part in nerv 
ous responses In higher animak, they have been studied most often 
in the conjunctiva, mucous membrane of the intestinal tract, and m 
the skin 

The following well known and simple experiment furnishes proof 
of two way conduction m nerve The frog muscle shown in Figure 
12 12 IS supplied by a nerve which divides into two branches, each of 
which goes to different parts of the muscle When the muscle is di 
vided between the two branches, stimulation of one branch causes con 
traction of both parts of the muscle Impulses must ba\e passed along 
the stunulated branch and, turning at the Y formed by the mo 
branches, reached the part of the muscle innervated by the unstimu 
lated branch 

In man cutaneous vasodilatation caused by stimulation of the skin 
is brought about largely through axon reflexes One branch of an axon 
of a sensory nerve ends m the skin the other in or near the wall of a 
small blood vessel Vasodilatation is brought about, apparently, not by 
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the nerve impulse directly, but by a chemical substance which it causes 
to be liberated from the end of the axon branch. The vascular reac- 
tions caused by irritation of the cornea, and the increased vascularity 
of infixed tissues, are also largely due to axon reflexes. Such reflexes 
can be abolished in any part by blocking conduction in the sensory ter- 
minals (e.g., in skin or conjunctiva) as by the application of cocaine.^ 
Skeletal muscle tone. During consciousness the voluntary muscles, 
though not engaged in any movement, are always maintained in a state 
of slight contraction which is referred to as tone or toniis. All voluntary 



muscles show tonus to some extent, but it is seen pre-eminently in 
those muscles which maintain the posture of the body against the force 
of gravity — the so-called antigravity muscles. These are, chiefly, the 
extensor muscles of the lower limte, trunl^ and neck. Muscle tonus 
is entirely reflex in character. The muscles are stretched between their 
altachmentsrihus'\he*constam stimulus of stretch applied to the mus- 
cle spindles initiates the reflex. Like any other" reflex, U is abolished 
if the reflex arc is interrupted at any point, such as by a lesion of the 
motor nerve, ~ of the^aff erent nen'c, or of the re^x centers. For ex- 
ample, in injury or degenerative disease of the motor nerves, in loco- 
motor ataxia (which involves the afferent pathsih the spinal cord), 
or in anterior poliomyelitis (commonly known as infantile paralysis, 
in which the anterior horn cells are attacked), the tone of those mus- 
cles implicated by the disease is complet^y lost 
Higher centers of the brain (their precise location is unknown) 
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exert an inhibitory influence upon muscle tone Thus, in man a lesion 
the tOTiicospmal tracts, vihnAi connect the cerebrat cortex with 
the spinal centers, results in an exaggeration of the tonic contraction 
this IS manifested by the greater resistance offered by the limbs to pas 
sive movement (that is, a movement of the patient’s limb made by 
the examiner) The physician, in describing the muscles whose tone 
IS increased in this way, says they are spasiic, and refers to the hyper 
tonic state itself as spasticity Muscle tone is increased to an extreme 
degree after complete separation of the lower centers from higher 
control For example, section 
through fhe brain of an animal, 
anywhere between the upper 
part of the midbram and the ves 
Iibular nuclei (p 528) in the 
medulla oblongata results in 
pronounced rigidity of those 
muscles that support the body or 
pans of the body (eg, head) 
against gravity (antigravitymus 
cles) All four limbs are sfi/Hj 
extended, the head is held erect, and the tail elevated The stillenet 
limbs will support the unconscious animal when it is placed upon m 
feet The condition is called decerebrate rigidity (Fig 12 13) Tht 
hypertonus is at once abolished by destruction of the vestibular nude 
or section ot the spinal cord, or of the poslenor spinal nerve toots, foi 
this latter operation interrupts the afferent limb of the reflex arc 
Destruction of the vestibular nuclei or section of the spinal cord of 
an animal, whether or not it has been previously decerebrated, also 
abolishes the normal tone of the muscles The muscles become com 
pletely relaxed (flaccid) immediately after this operation The limbs 
hang limply like those of an animal immediately after death and no 
reflex activity can be elicited Also, since the vasomotor centers m 
the medulla oblongata are separated from the spinal centers, there » 
a profound fall m blood pressure (p 196) This state, called spinal 
shock, persists for a lime which vanes with the animal species Re 
covery from spinal shock occurs within a few minutes in the frog but 
not for several uecks in the dog, and never completely in man 
From these observations it is concluded that the spinal reflex path 
ways, upon which muscle lone is directly based, must be reinforced, 
by impulses discharged from the vestibular nuclei The latter, in turfly 
are under an inhibitory influence from higher centers, especially in the 
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Fig 12 14 Diagram of the principal 
factors responsible for muscle tone 1, 
cerebral cortex or other higher cere 
bral region 2 vestibular nucleus 3 spi- 
nal cord, 4, muscle spindle, S anterior 
ham cell of the spinal cord 


4 


mtdbram and cerebellum The vestibular nuclei, when released by 
section from the restraint of higher levels become hyperactive, with 
consequent exaggeration of tonus and the production of the state 
known as decerebrate rigidity described on page 522 Though the 
spinal centers are dependent, normally, upon impulses from the ves- 
tibular nuclei lor the maintenance o! tonus they can, in animals at any 
rate, act independently when isolated from the higher influence This 
IS evident from the fact that spinal shock is recovered from after a 
time (sec diagram, Fig 12 14) 

The Spinal Cord 

The spmal cord is composed of a cenLsal, de^ly and megulaily 
fluted column of gray matter, surrounded by white substance The 
latter consists of bundles of nerve fibers (see Fig 12 15) In a cross 
section of the spinal cord the gray matter appears as a central mass 
shaped roughly like the letter H, or the wings of a butterfly The an- 
terior and broader limbs of the H are called the anterior or ventral 
horns, the postenor narrow limbs, the posterior or dorsal horns Run- 
ning through the center of the spinal gray matter is a canal filled with 
cerebrospmal fluid This is the central canal of the cord, above, in the 
medulla, it expands to form the floor of the fourth ventricle of the 
brain The spinal cord is incompletely divided into two lateral halves 
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by an anterior cktt and a posterior septum. The white matter of each 

matter 3 ,1 ' 7 - '■'>™ ■>' g'^y 

taleral. and a posterior column. In the thoracic and uooer lumbar 

teSoras^"'^’ lh= antJFfllHd pos- 

teiror horns sHSws a small projection called the lateral horn; it is cot- 
posed of sympathetic nerve cells. 



UTERAL Rg. 12.15 A s«. 
COLUMN lion of the spinal 
cord showing the 
central mass of gray 
matter and the col- 
umns of white mat- 
ter (ascending and 
descending fiber 
tracts). 


^ \ ANTERIOR 
NERVE ROOT 


S”y large mui- 

frnm points of convergence for impulses 

nous sources from the periphery of the body along sensoiy 
from the motor area of the cerebral cortex by the cortico- 
nf fh *** f™*'* *be cerebellum and other parts 

o the brain. The axons of the anterior horn ceils of the cord consti- 
r3 common path, p. 513) from the spinal 

. . ° ^ ® eletal muscles; the anterior horn ceils, therefore, relay 

the impulses which bring about voluntary movement, and ate also the 
enector (motor) neurons of the spinal reflex are. The posterior horns 
^ S*’®y niatter contain the cell bodies of connector neurons; afferent 
after entering the cord, are relayed by these cells to the an- 
tenor horn cells, and to neurons which connect with higher levels of 

the central nervous system. 

TJe spinal nerve roots. In man there are 31 pairs of spinal nerves. 

^ arises from the coni by two roots, an anterior or 
ven/rn/. and a posterior or dorsal Each root is formed by the fusion of 
hnMn!r (rootlets) that emerge from the vertical grooves 

. ® lateral columns of the cord. The anterior roots arc com- 

posed of efferent (mostly motor) fibers derived from the cells of the 
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anterior horns of spinal gray matter; other finer fibers are efferents of 
syTOpathctic nerve cells in the lateral horns. The posterior roots are 
composed almost entirely of afferent fibers: sensory fibers from the 
skin, muscles, viscera, etc., and other afferent fibers which transmit 
nonscnsory impulses — that is, impulses which do not reach conscious- 
ness. The cell bodies which give rise to the fibers of a posterior root are 
situated in a small swelling on the root itself; this is called the ganglion 
of the posterior root (Figs. 12.16 and 12 !7). Both dendrite and axon 
of a ganglion cell arise by a common stem which divides into the re- 
spective fibers a short distance from the cell body. One branch (den- 

Fig. 12 16 Diagram (o illustrate Wal- 
lenan degenerauon (modified from 
Halliburton). Section at A causes de- 
generation of all motor and sensory 
fibers of the peripheral nerve beyond 
the point of section (black area). In B, 
section of the antenor root causes de- 
generation of the motor fibers since the 
motor cell bodies lie within the spinal 
cord; in C, section of the postenor root 
IS followed by degeneration of the sen- 
sory fibers of the peripheral nerve be- 
cause the cell bodies of the sensory 
fibers lie in the ganglion, in D, section 
of the posterior root between (he ganglion and the cord causes degeneration of 
the sensory fibers of the spinal stump of the root and of ascending fiben within 
the cord as far as the next cell station (See also p. 463.) 

drite) of the T-shaped process passes peripherally, the other (axon) 
carries impulses into the cord where it connects (synapses) with in- 
traspinal neurons or passes without interruption to the medulla ob- 
longata. Certain cranial nerves possess similar ganglia from which 
their afferent fibers originate (see Fig. 12.32, p 544). The two roots 
of a spinal nerve unite withm the mtervertebraf foramen. The trunk so 
formed divides again almost immediately into a large anterior and a 
small posterior part, called, respectively, the anterior and posterior 
primary divisions of the spinal nerves.. Each division receives fibers 
(motor and sensory) from both spinal nerve roots. The branches of the 
anterior primary divisions fuse with one another, redivide, and con- 
tinue again in a complicated fashion to form three nerve plexuses — 
the cervical, brachial, and lumbosacral plexuses — from which the pe- 
ripheral nerves to the skin and muscles of the neck and limbs ulti- 
mately emerge. Thus, in the formation of the plexuses, the fibers of the 
original spinal nerve roots become intermin^ed, the peripheral nerve 
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tranta conlaining both motor and semoty Bbers. The paslfrior primary 
break up into branches which supply the skin and muscles 
01 the back. 

ne tracts of the spinal cord. The nerve fibers composine the spinal 
white matter have various origins and form longitudinal bundles, usu- 
ally refericd to as tracts or lascictili. The fibers of some of these tracts 
arise from higher levels of the nervous system and conduct impulses 
downward; others arise from 
lower levels and conduct in 
an upward direction. They 
are therefore classed into 
ascending and descending 
groups. Each tract is further 
given a specific name derived 
from the origin and destina- 
tion of Its fibers. A cross sec- 
tion of the cord showing the 
•AMCTwto several tracts will be found In 
^ Plate 9B. 

The descending tracts The 
PUUATER corticospinal or pyramidal « 
tracts arise from the large 
cells of the motor area of the 
cerebral cortex (p. 532) on 
each side of the brain. The fi- 
bers of each tract synapse 
with the anterior horn cells of 
the opposite side of the cord. 
The tracts descend through 
the substance of the brain, 
traversing successively the in- 



Fig 12.17 The spinal nerve nx>t$ 


iiuvcrsing successively me in- 
icrnal capsule of the cerebrum (p. 539). the midbrain, pons, and 
form two prominences on the anterior as- 
pect of the medulla oblongata, called the pyramids. At the lower bor- 
er of the medulla oblongata the greater proportion of the fibers of one 
side cros^o the opposite side of the cord and descend in the lateral 
column. They constitute, on each side of the cord, the lateral cortico- 
spinal tracts The remaining uncrossed fibers— the anterior corllcospi- 
na rrac/j— descend in the anterior columns, but these also ultimately 
cro« to the anterior horn cells of the opposite side at various levels 
of the cord. 
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The corticospinal tracts transmit impulses which bring about volun- 
tary movements of the limbs and trunk. A lesion involving these tracts 
in any part of their course, from the motor area of the central cortex 
to their terminations in the spina! cord, results in weakness or paralysis 
of the muscles on the opposite side of the body. The fibers conveying 
impulses to the muscles of the eyes, face, tongue, and throat also rise 
from the motor area of the cerebral cortex, but they form connections 
with nerve cells in the motor nuclei of the cranial nerves (third to the 
twelfth, p. 547). These fibers, though they are strictly analogous to the 
corticospinal fibers and travel with the latter for a part of their course, 

Tobfe 12-1 


Effects of lesions of the 
upper motor neuron 

(1) Paralysis of the spastic type. 
That Is, the paralyzed muscles 
are hypertonic and oRer a great- 
er resistance’^ to passive move- 
ments than normally. 

(2) The tendon reflexes (knee Jerk, 
etc.) are exaggerated. 

(3) Normal responses to electrical 
stimulation. 

(4) Little muscular wasting. 

(5) Babinski response (p. 519);ab- 
doroinal reflexes lost (p. 519). 


Effects of lesions of the 
lower motor neuron 

The paralyzed muscles are flaccid. 
They are hypotonic, offering little 
resistance to passive movement. 

The tendon reflexes are absent. 

' Reaction of degeneration (p. 463). 

Marked wasting of muscles. 

Normal plantar response (i c., Ba- 
bmski absent); abdominal reflexes 
may be lost. 


are referred to as the corticobulbar tracts. Like the corticospinal tracts, 
they convey impulses from one side of the brain to the muscles of the 
opposite side. 

Every pathway for the transmission of impulses governing voluntary 
movements, whether of the limbs and trunk or of the face, eyes, tongue, 
and throat, consists, therefore, of two neuron links. That neuron which 
has its cell body in the cerebral cortex is called the upper motor neuron. 
The lower motor neuron is the anterior horn cell of the spinal cord or 
a cell \n one or other of the cranial nuclei. The axons of the lower 
motor neurons form, of course, the peripheral motor nerves (cranial 
and spinal). 

The effects following a lesion of the upper motor neuron differ in 
certain respects from those resulting from injury or disease of the 
lower. These differences are summarized in Table 12-1. 
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The rubrospinal tracts. These descend in the lateral columns oC the 
cord to synapse with the anterior hom cells. They arise from the red 
nucleus in the midbrain (p. 545). After issuing from the red nucleus, 
the fibers cross to the opposite side {decussation of Forel). Thus the 
red nucleus of one side is connected with the anterior hom cells of the 
opposite side of the spinal cord. 

The vestibulospinal tracts. These arise from the vestibular nuclei 
situated in the lower part of the medulla oblongata. The fibers of each 
tract connect with the anterior hom cells of the opposite side of the 
spinal cord These tracts relay impulses transmitted to the vestibular 
nuclei from the labyrinth (of the internal car) and cerebellum. They 
are of essential importance in the maintenance of equilibrium, corre- 
lating the tone and movements of the muscles with the position of the 
head In space. 

The chief descending tracts of the brain and cord arc represented in 
the diagram. Plates lOBand lOA. 

The ascending tracts. The fasciculus gracilis (tract of GoH) and fas- 
ciculus cimeauis (tract of Burdach) occupy the posterior column of 
each half of the cord. They are composed of the axons of cells of the 
posterior root ganglia (see page 525) The fibers of these tracts trans- 
mit impulses of light touch and the sense of position and movement 
(kinesthetic sense) to the nucleus gracilis and nucleus cuneatus in the 
medulla oblongata; from here the impulses are relayed upward by 
other neurons to the optic thalamus, and thence to the cerebral cortex. 
When these tracts are injured, the subject, since he is not informed of 
the movements and positions of his limbs, has difficulty in executing 
muscular acts with orderliness and precision; his movements ore jerky 
and poorly controlled Impaired muscular control of this type is called 
ataxia. The sense of touch is bltlc affected, however, because touch 
impulses ascend also in the anterior spinothalamic tracts 

The spinocerebellar tracts These are two in number on each side. 
One, the dorsal spinocerebeWar tract, reaches the ettebeUum via the 
inferior cerebellar peduncle {p. 552); the other, the ventral spinocere- 
bellar tract, ascends to the midbrain, entering the cerebellum through 
us superior peduncle. They ascend in the lateral columns of the cord 
and transmit nonsensory impulses from the muscles to the cerebellum. 
Injury or disease of these tracts also results in ataxia, because the cere- 
bellum docs not receive the impulses that enable it to exercise its 
function in steadying and strengthening voluntary muscular acts 

The spinothalamic tracts ascend one in the anterior column, the 
other in the lateral column of each half of the cord. The anterior splno- 
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ihalamic tract conducts impulses of light touch from the skin of the 
opposite side of the body to the thalamus, from the thalamus the im 
pulses are relajed by other fibers to the postcentral gyrus of the cere 
bral cortex The lateral spinothalamtc tract is the pathway for impulses 
of para, heat, and cold from the opposite side of the body (see PI 
lOB) 

The sensory pathways m the brain are described on page 547 

The Brain or Encephalon 

The brain is that part of the nervous system enclosed by the skull It 
consists of the cerebrum, midbratn pons, medulla oblongata and 
cerebellum {ztcTig 12 18) 

The cerebrum The cerebrum is divided incompletely by a longi 
tudinal fissure (the superior longitudinal fissure) into two halves called 
the cerebral hemispheres These arc the large ovoid masses lying in 
contact with the vault and walls of the ski|l! The hemispheres consti 
tute by far the largest part of the human brain, and of the brains of 
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apes and monkeys, but are less prominent structures in the brains of 
lower vertebrates The most highly developed functions of the nervous 
system — memory intelligence, moral sense, etc — and the centers for 
sight, hearing smell, taste, general body sensations, and the voluntary 
control of bodily movements are seated m the cerebral hemispheres 
The hemispheres are composed of a covering of gray matter, called 
the cerebral cortex and a central mass of white matter The latter is 
formed of tracts of nerve fibers ascending to the cortex and descending 
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Fig 12 19 Diagram to show the geoeral course of the association 
fibers of the nght cerebral hemisphere The stippled area is the corpus 
callosum vvhich is composed of commissural fibers 

from the cortex to lower levels of the nervous system, these are le 
ferred to as projection fibers There are also many fibers which anse 
and end within a hemisphere itself, they connect different parts of the 
cerebral cortex and arc called owocioooM fifeerr (Fig 12 19) Some of 
these tracts are short and connect neighboring gyri, others arc long auo 
run between the cortex of two lobes (e g , the frontal and occipital) 
TTirough a third type of fiber, called commissural, the two hemispheres 
arc connected across the mid line These fibers form a felted mass of 
white matter lying at the bottom of the supenor longitudinal fissure, 
known as the corpus callosum (Figs 12 20 and 12 25 p 537) 

The cerebral cortex. The cortex shows numerous mfoldmgs which 
give the surface of the hemispheres an appearance not unlike the sur 
face of the kernel of a walnut These folds are called convolutions or 
^yi the depression or furrow between two convolutions is called a 
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sulats, or if especially deep and long, a fissure By such reduplications 
of 'the cerebral surface, the total cortical area is greatly increased 
About a third of the gray matter occupies the surface of the coft\oIu 
'lions, the remainder lines the sulci and figures 

On the basis of the characters of their constituent cells, several well- 
defined layers can be distinguished in the gray matter of the cerebral 
cortex The rcspectisc cell layers, however, do not show uniform char- 



acters throughout all cortical regions On the contrary, certam layers 
exhibit special characteristics in certain areas — e g , the motor area in 
the frontal lobe and the visual area of the occipital lobe Upon such 
characteristics d^end, undoubtedly, the special functions of the differ 
ent parts of the cortex (Fig 12 21) 

Localization of function in the cerebral cortex For convenience of 
descnption, each cerebral hemisphere is marked off into four parts 
called lobes The frontal lobe is that part in front of the deep cleft (fis 
sure of Rolando or the central sulcus') which runs obliquely downward 
and slightly forward from the upper border of the hemisphere (Fig 
12 22) The parietal lobe lies behind the fissure of Rolando, the tem- 
poral lobe lies below the well marked horizontal fissure — fissure of Syl- 
vius — on the lateral aspect the hemisphere The occipital lobe forms 
the postenor pole of the hemisphere lymg behind the panetal and tern 
poral lobes 
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vel of their crossing, especially in the internal capsule (p. 339), 
lerefore, results in paralysis of the muscles on the opposite side of the 

3dy. 

The areas of the motor cortex have been explored and mapped out 
hen exposed in man during intracranial operations. Electrical stimu- 
tion of circumscribed areas elicits motor responses from groups of 
Luscles or, if the stimulus is sufficiently localized, of individual mus- 
es on the opposite side of the body. 


FISSURE OF ROLANDO 



Fig 12 22 Diagrani illustratmg the localization of function m the 
cerebral cortex 1, motor area, 2, sensory (somestbetic) area, 3, pre- 
motor area, 4, auditory area, 5, part of visual area concerned with 
visual association, S, fissure of Sylvius 

Situated in front of the motor area is the so-called premotor area. 
]he functions of this cortical area have not been fully elucidated, but 
t appears to exert a controlling influence over the motor area itself, 
irobably synthesizing the more localized movements represented in 
he latter area into more complex acts Movements of small groups of 
nuscles or even of a single muscle can be elicited by stimulation of the 
notor area; but excitation of the premotor area causes broader and 
nore or less purposeful well-coordinated movements. The premotor 
irea is also connected by descending fibers with the corpus striatum 
p. 539) and, through the frontopontine tract, with the gray matter of 
he pons. Through the former connection, it is in indirect communica- 
ion with the red nucleus, cerebellum, and spinal centers; through the 
rontopontine fibers, a connection is also established between the 
iremotor area and the cerebellum. 
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Concerning the functions of the remaining and greater part of the 
frontal cortex — that is, of the part not occupied by but lying in front 
of the motor and premotor areas — little is definitely known; this re- 
gion is therefore spoken of as a “silent” area. It is sometimes the site of 
a tumor, and the surgeon in order to eradicate the growth is often 
forced to sacrifice a large part of the brain tissue. The frontal lobe of 
one side, except for the motor and premotor areas, has been excised in 
a number of instances, but such operations ate followed by little or no 
functional defect. Even after the removal of both frontal lobes in front 
of the premotor areas, there is remarkably little mental disability. It 
has been thought that the frontal lobe was the seat of intelligence; the 
greater development of this part of the human brain, as compared with 
the brains of lower animals, has supported such an idea. However, in 
the light of the results just cited and of experiments upon animals, our 
views on the importance of this part of the brain must be revised. 
There is apparently no special region or center for intelligence. It de- 
pends upon the cortex as a whole; upon the degree of development of 
the various cortical sensory areas, and the richness of the association 
paths through which these areas are interconnected. The frontal cortex 
b simply a region of high associative ability, and as such contributes Us 
share to the general intellectual capacity of the individual. 

The parietal lobe. The area of cortex lying behind the fissure of Ro- 
lando is sensory in function It is called the somesthetic area. Here sen- 
sations of touch, warmth, and coolness, and of muscular movements 
(kinesthetic sensations), are perceived and interpreted (see also 
p. 528). But pain does not appear to be represented in the cerebral 
cortex. Impulses giving rise to this sensation end in the optic thalamus. 
The sensory representation of the various parts of the body show defi- 
nite localization, following the same order as that already described for 
the motor area (see Fig. 12.23); those sensory regions — especially 
the hands, lips, and tongue — upon which we depend most for our im- 
pressions of the world around us have the largest cortical representa- 
tion. Taste is recorded at the lower end of this area. 

Like the motor area, the somesthetic area has been mapped out by 
point to point electrical stimulation, through an operative opening in 
the skull bone. The patients were conscious and able to describe the 
sensations aroused. 

The temporal lobe. The cortex bordering the fissure of Sylvius, to- 
gether with that buried in the fissure itself, is the region for the percep- 
tion of sound. Here the fibers of the auditory radiation (p. 621) termi- 
nate; it is therefore called the acoustic area or the center for hearing. 
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The acoustic area of each side of the bram receives impulses from both 
ears Its unilateral destruction, therefore, does not cause deafness in 
either ear, though some dullness of hearing m both ean may result 
The temporal cortex adjacent to the acoustic area is associative m 
function being concerned with the interpretation of sounds — that is 
with understanding the meaning and significance of the various kinds 
of sound (e g words music, etc ) and with the association of a par 
ticular sound with visual tactile or other sensations It is therefore 
called the psychoauditory area 

The temporal lobe is fought to be the scat of memory, a region of 
the cortex from which auditory visual and other impressions stored in 
other regions (e g , psychoauditory or psychovisual area) can be rC 
called to consciousness This belief is bas^ largely upon the fact that 
a tumor of the temporal lobe or an epileptic seizure commencing m this 
region of the cortex is not uncommonly associated with or preceded by 
reminiscences when scenes long past are brought vividly to mind 

The occipital lobe The cortical area for vision — the visual area- 
ls situated chiefly on the inner aspect of the occipital lobe, but it also 
extends around the posterior extremity of the lobe to a small part of its 
lateral surface Impulses from the right halves of the two retinas are 
transmitted to the visual area of the right hemisphere, impulses from 
the left halves of the retinas to the left visual area (see PI 13A) De 
struction of the visual cortex on one side of the brain, therefore, causes 
blindness in the corresponding halves of the retinas only (see p 586) 
The remainder of the posterior part of this lobe is assoc ative m func 
tion, upon Its activity depend the recognition and interpretation of 
visual impressions and the inlcgraiion of these with other sensations 
It IS called the psyc}io\ tsual area 



Fig 12.24 The electroencephalogram recorded from the occipi- 
tal region of the skull Eyes dosed up to O in tracing when they 
were opened to a broken view kept open to C, when agam 
closed Note almost complete disappearance of the waves from 
OtoC 

Electrical activity of the brain, the electroenceplialogram. It "as 
discovered m 1929, by Berger, a Gennan ph>'sician, that rhythmical 
changes in electric potential — electric currents of low potential — "cre 
occurring almost continuously in the cerebral cortex, and could be re- 
corded in man by means of pad electrodes appUed to the scalp (sec 
Fig 12 24) They can also be picked up by needle electrodes m con 
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tad with the skull bone Such a record, obtained by a highly sensitive 
electric device (amplifier and oscillograph), and a photographic ap- 
paratus, is called an electroencephalogram; the recording instrument 
is known as the electroencephalograph. Two types of wave are to be 



seen in the record of a normal person in the waking state but with his 
eyes closed; they are designated, respectively, the alpha and beta waves. 
The alpha waves have a frequen^ of about 10 per second and a volt- 
age of around 50 microvolts * They persist when the eyes are open and 
the visual field is uniform, as when the subject looks at a blank wall or 
other surface without pattern. They disappear when the view is broken 
up by a pattern, such as one composed of several objects, or conlam- 

* A mlcrovoli is one millionth of & volt, a mfUivoU Is one thousandth of a volt. 
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Fig 12 26 Vertical transverse section through the brain 


the occipital region — that is overlying the visual area in which they 
apparently arise 

A.thvcdtyyeot'Nwe caltedthiitCettawase t&tely obtained in the 
electroencephalogram of a normal person while be is awake but ap 
pears during sleep These waves have a very low frequency ( 1 to 5 per 
second) and very often, a relatively high voltage (up to 200 micro- 
volts) 

The electroencephalogram is not affected by dividing the brain be 
low the cerebrum (through the midbrain) The electric currents are 
not due, therefore, to afferent impulses ascending to the cerebrum from 
loiver levels but appear to be a manifestation of an inherent electrical 
activity of the nerve cells of the cerebrum itself 


THE BRAIN OR ENCEPHALON 539 


Departures from the normal configuration of the electroencephalo- 
gram are seen in several abnormal conditions of the brain, notably, 
epilepsy and cerebral tumors. A study of such records is often of con- 
siderable value in diagnosis. 

The optic thalamus, coq)us striatum, and internal capsule. The optic 
thalamus is a large mass of gray matter buried in each cerebral hemi- 
sphere just above the midbrain. The third ventricle separates the optic 
thalami of the two sides (Figs. 12.25 and 12.26). In sections of the 
brain a streak of white matter known as the internal capsule (Figs. 
I2.2S and 12.26) is to be seen on the outer side of the thalamus and 
separating it from the corpus striatum. The internal capsule is com- 
posed of bundles of ascending and descending nerve fibers (e.g., cor- 
ticospinal and sensory tracts). It is a bottle-neck pass which all fibers 
must traverse in order to reach lower levels of the nervous system, and 
through which all sensory fibers destined for the cortex must ascend. 
An injury to the internal capsule, therefore, causes extensive damage 
to the conducting pathways; paralysis and often sensory loss on the 
opposite side of the body result. Paralysis confined to one side of the 
body is called hemiplegia. It most commonly follows rupture of a blood 
vessel supplying the internal capsule, with consequent interruption of 
the motor and sensory paths The immediate effect of hemorrhage into 
the internal capsule is loss of consciousness and paralysis^ of all four 
limbs. This condition, called cerebral apoplexy or in popular parlance 
*‘a stroke,” lasts for a variable time, the subject may die without re- 
gaining consciousness. If he survives, the paralysis on one side disap- 
pears as consciousness is regained, but loss of power in the muscles 
of the face and limbs on the side of the body opposite to that of the 
hemorrhage persists. The tone of the affected muscles is increased 
(spasticity), the tendon reflexes are exaggerated, and the normal plan- 
tar reflex is replaced by the Babinski response (p. 519). In other 
words, the signs are those of an upper motor neuron lesion (p, 527). 

The optic thalamus and corpus striatum are intimately connected by 
nerve fibers, and both these gray masses are connected, as well, with 
the cerebral cortex, and with the spinal cord, cerebellum, and other 
parts of the nervous system. All sensory paths conveying impulses of 
pain, temperature, touch, and muscle sense enter the thalamus. The 
sensations of pain, of rough contact, and extremes of temperature — 
heat above 45“ C and cold below 25" C — are appreciated in the thala- 
mus itself. The thalamus is, therefore, an organ of crude consciousness. 
The finer sensations — i e., light touch, moderate changes in tempera- 
ture (warmth and coolness), and piuscle sense — are perceived by the 



540 THE CENTRAL NERVOUS SYSTEM 

somesthetic region of the parietal cortex. The impulses subserving these 
eusations are relayed to the parietal cortex by fibers which arise in 
the thalmus and ascend m the internal capsule. The cortex of the 
parietal Jobe brings a discriminating and critical ability to bear upon 
the impulses which it receives, being capable of judging the lesser gra- 
dations in stimulus intensity, and of detecting minor qualitative differ- 
tnixs in SMsaUon. The thalamus possesses no such discriminating ca- 
pabihty. The somesthetic area of the cortex is believed also to send 
impulses to the thalamus which restrain its activity. When released 



rom cortical restraint, the thalamus reacts In an "all-or-none” manner 
® diffuse, ill-defined but intensely unpleasant sensation being 
aroused by ordinarily mildly painful stimuli, or by moderate changes 
in temperature. Such sensory abnormalities occur in disease of this 
part of the brain. 

The thalamus is not a simple relay station, for it integrates the im- 
pulses before passing them on to.the cortex. 

Tbc corpus strlautm (slnate body) is a large gray mass bent upon 
Itself m such a way that in a horizontal section of the brain it appears as 
two separate gray masses — the caudate nucleus* and the lenuform 
nwc cm- (Figs 12.25, 12.26, and 12.27). The latter consists of two 
parts: the outer and larger part is called the putamen; and the inner 
part, the globus palUdus. The lentiform nucleus is separated from the 
t alamus by the posterior limb of the internal capsule, and from the 
caudate nucleus by the latter’s anterior limb. The striate body has 
numerous fiber connections with other parts of the nervous system — 
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e g , with the premotor area of the cerebral cortex, the thalamus and 
the red nucleus, and through the latter with the cerebellum and spmal 
centers Of the functions of the corpus stnatum little is definitely 
known It IS concerned m some way with the control of skeletal muscle 
tone, it probably also exerts a steadymg influence upon muscular 
movements In disease of the corpus striatum or of its connections. 



HYPOPHYSB 


Fig 12 28 Vertical section through the base of the brain m the re> 
gion of the hypothalamus 

marked rigidity of the muscles — flexors and extensors — is seen The 
resistance oSered by a limb to passive movements has suggested a com* 
parison with that of a lead pipe (‘ lead pipe ngidity) Tremor or jerki- 
ness of the limbs, upon attempting a voluntary movement, is also a 
common manifestation of disease of the corpus stnatum Both these 
signs — ngidity andjremor — are seen m paralysis agilans, the name 
given to one form of disease of the stnate l»dy 

The hypothalamus. This is the region at the base of the brain lymg 
behmd the optic chiasma (p 586) and beneath the floor of the third 
ventnclc It contains several groups of nerve cells — the hypothalamic 
nuclei — ^which constitute centers controlling the sympathetic and para- 
sympathetic functions Axons from three groups of nerve cells— the 
supraoptic, para\entricu}QT, and luberal nuclei — ^foim a bundle of 
nerve fibers known as the hypothalamico-hypophyseal tract This tract 
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enters the neural lobe of the hypophysis (pituitary body) It roverns 

me liberation of the hormones of this part o^he pituitary (Fip 12 28) 
Injury or stimulation of the hypothalamus affects one or more of the 
fundamental processes of the body_e g , vasomotor control, tempera 
ture regulatron, fat, carbohydrate, and water metabolism interference 
with the development of the sex functions as svell as gastrointestinal 
motility It has been reported that electrical stimulation of the hypo 
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Fig 12 29 Transverse seclioo through the midbraio 


thalamus in animals induces a siceplikc state It also appears to be a 
center from which the reactions expressing the primitive emotions are 
controlled For when m an experimental anunal all restraint of the 
higher centers of the brain is withdrawn by removal of the entire cere 
^al cortex, the reactions of an enraged fighting animal are exhibited 
Thus a cat which before the operation was a placid friendly animal 
^its and bares its claws when approached, its fur bristles and its tail 
becomes bushy, as when a normal cat is attacked by a dog This state 
w^e decorticated animal has been appropnately termed sham rage 
When, on the other hand, a tract of fibers connecting the frontal lobe 
of the cerebrum with the hypothalamus is severed a naturally w ild and 
unfncndl) animal becomes docile and affectionate This latter observa 
tion has been put to practical advantage in the treatment of certain 
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Fig 12 31 The 
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from behind and 
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moved 


Fig 12 32 The base 
of the brain showing 
the origins of the era 
nial nerves numbered 
from 1 to 12 
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side of the brain. Posteriorly the peduncles are fused into a single struc- 
ture called the tegmentum (L. tego, I cover) which contains, on each 
side of the mid-line, an ovoid mass of gray matter — the red nucleus — 
and two smaller gray masses, the nuclei of the oculomotor and troch- 
lear nerves. This part of the mesencephalon also transmits two bundles 
of sensory fibers — the lateral and medial IcmniscL The former is the 
pathway for auditory impulses, the latter for impulses of touch, pain, 
muscle sense, etc. (Fig. 12.29). 

The part of the midbrain lying posterior to the cerebral aqueduct 
is called the tectum (L. tectum, roof, from tego, I cover). It consists 
of two pairs of rounded eminences called, respectively, the superior 
and inferior colliculi (or corpora guadrigemina) (Figs. 12.30 and 
12.31). The superior colliculus receives impulses from the retina and 
is connected with the spinal centers through a tract of descending fi- 
bers — the tectospinal tract. K is a center for visual reflexes — e g , 
movements of the head and eyes m response to retinal stimuli. The in- 
ferior colliculus receives auditory impulses, and serves as an auditory 
reflex center— c.g., the “pricking up” of an animal’s ears in response 
to sound. 

A small oval eminence is seen on the outer side of each colliculus. 
These are called, respectively, the medial and lateral geniculate bodies. 
The former, which is connected by a strand of fibers (called the in- 
ferior brachium) with the inferior colliculus, receives the bulk of the 
fibers comprising the auditory pathway (the lateral lemniscus; see also 
p. 621). The lateral geniculate body receives most of the fibers of the 
optic tract (p. 587) and is connected by a band of fibers — the superior 
brachium — with the superior colliculus (see Fig. 12.32). 

The red nucleus {nucleus ruber) is connected by fiber tracts with 
the cerebral cortex, corpus striatum, thalamus, cerebellum, and spinal 
cord. Its functions are imperfectly understood, but it appears to be an 
integral part of the nervous mechanism controlling the execution of 
skilled muscular movements. The fibers which descend to the spinal 
centers are called the rubrospinal tracts. Upon issuing from the lower 
part of the red nucleus, these fibers cross with the fibers of the opposite 
side. This crossing is called the decussation of Forel. 

The pons (pons Varolii), This part of the brain stem lies below or 
(in quadrupeds) behind the midbrain and above or in front of the 
medulla oblongata. It transmits the a>rticobulbar, corticospinal, and 
rubrospinal tracts', and the medial and lateral lemnisci. It contains the 
sensory nucleus of the trigeminal nerve and the nuclei of the facial 
and abducent nerves. It is in communication with the cerebellum 
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through the middle cerebellar peduncle, and with the cerebrum 
through the frontopontine and temporopontine tracts. The fibers of 
these tracts synapse with nerve cells in the substance of the pons called 
the pontine nuclei. The axons of cells composing these nuclei relay ini* 
pulses to the cerebellum. 

Hie medulla oblongata. The medulla oblongata is the continuation 
upward of the spinal cord. It is somewhat conical in shape, broadening 
as It ascends, until at its junction with the pons its circumference is 
nearly double that of its lower end. A canal, continuous with the cen- 
tral canal of the spinal cord, runs through the center of the lower half 
of the medulla, but in the upper half the posterior wall of the canal 
opens out to form a lo 2 enge-shaped space called the fourth ventricle. 
TTie floor of the fourth ventricle is composed of gray matter; this repre- 
sents the prolongation upward of the anterior horns of the cord which, 
through the opening up of the central canal, have become spread out 
Upon the anterior aspect of the medulla are two vertical columns 
cJilled the pyramids, formed by the corticospinal (pyramidal) tracts. 
At the junction of (he medulla with the spmal cord, the pyramid of 
each side divides into a smaller and a larger part. The latter crosses 
(decussates) with that of the opposite side and descends in the lateral 
column of the cord. The smaller division descends uncrossed in the 
anterior column of the cord (sec p. 526). The medial fillets (see be- 
low) cross (sensory decussation) a little above the decussation of the 
pyramids (motor decussation) and ascend behind the latter. The nu- 
clei of the eighth, ninth, tenth, eleventh, and twelfth cranial nerves are 
situated in the medulla: it also contains the nucleus gracilis and the 
nucleus cuneaius, and the so-called vital centers — cardiac, vasomotor, 
and respiratory The medulla oblongata is connected through the in- 
ferior cerebellar peduncle with the cerebellum (p. 553). 

Summary of sensory pathways in llic brain. As mentioned, on page 
528, impulses reaching the nuclei gracilis and cuneatus along the fibers 
of the pcKterior columns arc relayed upward by secondary neurons. 
The axons of the latter, after leaving the nuclei and crossing to the 
opposite side (sensory decussation) , ascend through the medulla, pons, 
and midbrain forming a tract known as the medial fillet or lemmscus. 
The medial fillet is joined by the anterior and lateral spinothalamic 
tracts, as well as by fibers carrying impulses from the face (trigeminal 
lemniscus). These four sets of sensoiy fibers lead to the optic thala- 
mus. From here all sensations except pain and extremes of tempera- 
ture (see p 539) are relayed by other neurons to the postcentral 
(somcstheiic) area of the cerebral cortex (p. 535). 



THE BRAIN OR ENCEPHALON 547 


The cranial nerves. The nerves arising from the brain are twelve 
in number on each side. They are designated by numbers in the order 
of their origin, from before backward. Roman numerals I to XII arc 
usually employed in referring to them, or the words first, second, third, 
and so on (see Fig. 12.32). Each nerve also receives a name descrip- 
tive of its function or distribution. The numbers and the corresponding 
names of the cranial nerves are given in Table 12*2. 

TohU 12-2 


list of the craniot nerves 


I. Olfactory 

VII. Facial 

II. Optic 

Vm. Acoustic (or auditory) 

III. Oculomotor 

IX. Glossopharyngeal 

IV Trochlear 

X. Vagus 

V. Trigeminal 

XI. Accessory 

VI. Abducent 

XII Hypoglossal 


The olfactory nerves, or nerves of smell, are distributed to the olfac- 
tory mucous membrane covering the roof of the nose. They will be 
described in the section on the sense of smell (p. 641 ). 

The optic nerve, or nerve of sight, is composed of the axons of the 
ganglion cells of the retina. The central connections of the fibers of the 
optic nerve will be described in the section on vision (p. 587). 

The oculomotor nerve arises from a group of nerve cells — the nu- 
cleus of the oculomotor nerve — situated in the gray matter of the floor 
of the cerebral aqueduct (p. 543). The fibers course forward through 
the midbrain, emerging from the inner aspect of the cerebral peduncle. 
The oculomotor nerve supplies all the eye muscles with the exception 
of the superior oblique and external rectus, which are innervated, re- 
spectively, by the trochlear and abducent nerves. It also conveys para- 
sympathetk fibers to the constrictor muscle of the iris, and to the ciliary 
muscle. 

The trochlear nerve has its nucleus in the floor of the cerebral aque- 
duct, a little behind the oculomotor nucleus. It emerges from the brain 
at the lateral border of the pons. The trochlear nerve supplies the su- 
perior oblique muscle of the eyeball. 

The trigeminal nerve contains both sensory and motor fibers. Its 
motor fibers ate the axons of a group oi cells situated in the upper part 
of the pons. This collection of gray matter is called the motor nucleus 
of the trigeminal. The sensory fibers originate in the trigeminal (semi- 
lunar) ganglion, which lies upon the floor of the skull and is homolo- 
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gous with the posterior root ganglia of the spinal nerves. Like those 
composing the ganglia of the posterior spinal nerve roots, the cells of 
the trigeminal ganglion are unipolar — i e., each gives off a single 
process that divides into two. One branch passes centrally, the other 
peripherally. The central fibers form a short trunk — the sensory root 
of the trigeminal nerve — ^which enters the brain in close association 
with the motor root. Within the brain, the fibers of the sensory root 
divide into ascending and descending groups. The former end in a 
collection of gray matter — the superior sensory nucleus of the trlgemh 
nal — situated in the pons close to the motor nucleus. These fibers con- 
vey the discriminative qualities of sensation — namely, light touch, lo- 
caliialion, kineslheUc sense, etc — from the face. The descending fibers 
terminate in the spinal nucleus of the trigeminal nerve — an elongated 
mass of gray substance, extending from the lower part of the pons to 
the upper part of the spinal cord The fibers entering the spinal nu- 
cleus transmit impulses of the crude forms of sensation from the face — 
namely, pain and extremes of temperature. 

The peripheral processes of the cells of the trigeminal ganglion form 
three trunks called the first, second, and third divisions of the trigemi- 
nal nerve or the ophthalmic, maxtllary, and mandibular nerves, respec- 
tively. The first two divisions (ophthalmic and maxillary nerves) are 
composed entirely of sensory fibers, but the third division (mandibular 
nerve) is united with the motor root of the nerve. The first division, or 
ophthalmic nerve, supplies the skin of the forehead and anterior part 
of the scalp, the structures within the eye socket (orbit) , and the skm 
of the side of the nose and upper lid. The second division, or maxillary 
nerve, is distributed to a part of the dura mater, certain structures 
within the orbit, the lower eyelid, the upper Iip, and to the upper 
teeth. The third division, or mandibular nerve, contains both sensory 
and motor fibers; it sends sensory fibers to the lower teeth and the 
lower lip, to the skin of the side and lower part of the face, and to the 
mucous membrane over the anterior two thirds of the tongue and 
the floor of the mouth. Its motor fibers supply the muscles of mastica- 
tion (see Fig 12.33). 

The trigeminal nerve may be the seat of a most severe and stubborn 
form of neuralgia. All three branches may be involved, or the pain 
may be confined to the area of distribution of one branch. Surgical di- 
vision of the sensory root of the nerve, or of one or other branch, may 
be required in order to relieve the pain. 

The abducent nerve. The abducent nucleus Is situated in the lower 
part of the pons beneath the floor of the fourth ventricle. The nerve 
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emerges from the anterior aspect of the brain in tlie groove lying be- 
tween the pons and the upper end of the pyramid of the medulla ob- 
longata. It supplies the external rectus muscle of the eyeball. 

The facial nerve has a large motor and a small sensory root. The 
fibers forming the motor root arise from the motor nucleus, which lies 
in the lower part of the pons. This root also transmits secretory and 
vasodilator (parasympathetic) fibers to the submaxillary and sublin- 
gual glands; these fibers arise from a separate group of nerve cells — 


the superior solivatory (or salivary) nu- 
cleus — lying in close proximity to the 
motor nucleus. The motor root of the 
nerve leaves the anterior aspect of the 
brain at the lower border of the pons. 
The fibers of the sensory root (also 
called the nervus intermedius) are the 
axons of cells situated m the facial 
(geniculate) ganglion which lies within 
a canal in the temporal bone. The sen- 
sory root enters the brain in close asso- 
ciation with the motor root. The pe- 
ripheral processes of the ganglion cells 
are distributed to the anterior two thirds 
of the tongue (see Fig. 13.61, p 640). 
They transmit impulses of taste to a nu- 
cleus in the medulla oblongata named 
the tractus soUtarius. From the latter the 



F)g. 12 33 DistributiOQ of 
ihe tngcminal nerve in the face. 
Ophthalmic division, stippled, 
maxillary division, hatched, 
mandibular division, black. 


impulses are relayed to the thalamus and thence by tertiary neurons to 
the center for taste in the cerebral cortex (p. 535). Both taste and 
parasympathetic fibers (secretory and vasodilator) leave the facial 
trunk in its chorda tympani branch. 

The motor fibers of the facial nerve form a stout trunk which feaves 


the cranial cavity through a small opening in the floor of the skull. The 
nerve curves forward below the car in the substance of the parotid 
gland to reach the face, where it breaks up into numerous branches. 
These supply the muscles of the face, lips, eyelids, forehead, and ante- 
rior part of the scalp. 

The acoustic or auditory nerve is entirely sensory in function. It con- 
sists of two distinct sets of fibers, the cochlear and vestibular nerves. 


The courses of these nerves and their central connections are described 


on pages 621 and 632, respectively. 

The glossopharyngeal nerve contains motor, sertsory, secretory, and 
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vasodilator fibers The motor fibers issue from the upper part of the 
nucleus ambiguus situated m the medulla oblongata, and are distnb 
uted to a single muscle (the slylopharyngeus) The sensory fibers con 
duct impulses of taste from Ae postenor third of the tongue to the 
lower part of the tractus sohtarius The taste impulses are rela)ed to 
the optic thalamus, and thence to the cerebral center for taste m the 
lower part of the somesthetic area &nsory fibers are also distnbuted 
to the mucous membranes of the pharynx, tonsil, and palate, they con 
vey impulses of ordinary sensation, touch, temperature, etc The secrc 
tory and vasodilator (parasympathetic) fibers leave the glossopharyn 
geal nerve in its tympamc branch and are distnbuted to the parotid 
gland The secretory and vasodilator fibers have their origins m the 
inferior sahvatory (salivary) nucleus which lies below the supenor 
sahvatory (sahvery) nucleus (p 296) The glossopharyngeal nerve 
also supplies a sensory filament — ^the sinus nerve, page 199— to the 
carotid sinus 

The vagus nerve contains motor, sensory, secretory, and vasodilator 
fibers The motor fibers are of two types — voluntary and autonomic 
The fibers to voluntary muscle originate in the lower part of the nu 
cleus ambiguus (see accessory nerve p 551) These fibers are, actu 
ally, derived from the cranial root of the accessory (ninth cranial) 
nerve, they enter the vagus nerve and supply the cricothyroid muscle 
of the larynx and the inferior constrictor muscle of the pharynx The 
autonomic motor fibers are distributed to the muscle of the bronchi 
heart, esophagus stomach gall bladder, pancreas, small intestine, and 
first third or so of the large iniesline The fibers going to the heart are 
inhibitory in function (p 187) The involuntary motor fibers these 
cretory fibers (to the gastric glands and pancreas), the cardiac inhibi 
lory fibers, and the vasodilator fibers belong to the parasympathetic dt 
vision of the autonomic system They anse from the dorsal nucleus of 
the vagus This nucleus is a mixed one, for it is also a terminal for sen 
sory fibers Some of the latter connect with motor autonomic neurons 
within the dorsal nucleus which thus functions as a reflex center 

The vagus nerve emerges from the lateral aspect of the medulla ob 
longala as a senes of rootlets which soon join to form a stout trunk 
This leaves the skull through the jugular foramen, and passes down the 
neck m close relation to the mtemal and common carotid artenes Two 
ganglia are situated upon the vagus trunk, the upper one lies within the 
jugular foramen at the base of the skull, the other just bcloiv the pomt 
where the nerve issues from the skull The sensory fibers of the vagus 
have their ongm v-ithin these ganglia 
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The accessory nerve is entirely motor in function, and consists of a 
cranial and a spinal root The crania! fibers aiise from a nucleus lying 
below, and continuous with the lower end of the nucleus ambiguus 
They leave the side of the medulla oblongata as four or five delicate 
strands which, after uniting, pass from the skull through the jugular 
foramen The spinal fibers are the axons of anterior horn cells situated 
m the upper five cervical segments of the spmal cord This part of the 
nerve enters the cranial cavity through the foramen magnum and re- 
enters the neck through the jugular foramen Within the latter fora- 



men, It joins the cranial part, but becomes separate again almost imme- 
diately. 

Most of the muscles of the pharynx, larynx, and soft palate are sup- 
phed by the cranial part of the accessory nerve The fibers pass into the 
pharyngeal and laryngeal branches of the vagus, through which they 
are distributed to voluntary muscles in these structures (cricothyroid 
and pharyngeal constnctors) The spinal part sends fibers to certain 
muscles of the neck and shoulder (stemomastoid and trapezius) 

The hypoglossal nerve is distributed entirely to the muscles. ( intrinsic 
and extrinsic) of the tongue. Its fibers anse from the hypoglossal nu- 
cleus in the medulla oblongata, and appear as a senes of rootlets in 
the groove situated on the anterolateral aspect of the pyramid The 
rootlets leave the skull through the hypoglossal canal and umte j'ust 
below the base of the skull The trunk so formed curves forward in the 
upper part of the neck to reach the cavity of the mouth 

The cerebellum. The cerebellum is situated behind the brain stem 
(midbram, pons, and medulla), and beneath the posterior portions of 
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the cerebral hemispheres (Fig 12 18, p 529) It is composed of two 
lateral masses, the cerebellar hemispheres (Figs 12 34 and 1235) 
and a central elongated wormlike structure, called the vermis (L 
worm) The white matter of the cerebellum forms a central branching 
framework withm the substance of each hemisphere and m the center 
of the vermis The gray matter covenng the terminal stems of this 
structure constitutes the cerebellar cortex The cortex of the hemi 
spheres is thus constructed of a number of leaves flattened against one 


SUPERIOR CEREBELLAR 



KEUSPHERES 

Rg 12 35 The inferior aspect of tbc cerebellum 


another with only their edges appearing on the surface The cerebellar 
cortex IS composed of several layers of cells, but unlike the cerebral 
cortex It is of uniform cellular structure — i e , the cells at all depths are 
of similar type Large cells with flask'shaped bodies and extensive den- 
dritic arbonzalions — the cells of Purkinje — are peculiar to the cere- 
bellar cortex (Figs 12 36 and 12 1, p 507) Three masses of gray 
matter — the cerebellar nuclei — arc to be found in the depth of the 
cerebellum The largest of these is known as the dentate nucleus The 
nerve fibers streaming to and from the cortex and entering or leaving 
the cerebellar nuclei constitute the white matter of the cerebellum 
Each half of the cerebellum is connected with the rest of the central 
nervous system through three compact bundles of nerve fibers, called 
the cerebellar peduncles The superior cerebellar peduncle (or bra 
chlum con}unctivum) plunges into the nudbram and transmits im 



Fig 12 36 A section through the cerebellar cortex and adjacent part 
of the white matter 


called, respectively, the nucleus emboUformis and the nucleus fastigii. 
The latter receives impulses from the organ of equilibrium in the in- 
ternal ear via the vestibular nuclei of the medulla oblongata. 

The middle peduncle (or bracfiium pontis) transmits impulses from 
the pons to the cerebellum, its fibers arise from the pontine nuclei 
which, as staled elsewhere, receive impulses from the frontal and tem- 
poral regions of the cerebral cortex (frontopontine and temporopon- 
tine tracts) . No fibers leave the cerebellum by this peduncle. 

The inferior peduncle (or rcstiform body) connects the cerebellum 
with the lower part of the medulla oblongata It is composed, mainly, 
of fibers of the dorsal (direct) spinocerebellar tract and of fibers aris- 
ing in the vestibular nuclei in the medulla oblongata (vestibulocere- 
bellar tract). Thus, through the inferior cerebellar peduncle, the cere- 
bellum receives proprioceptive impulses from the labyrinth (p. 630) 
and the skeletal muscles The inferior peduncle also transmits impulses 
from the cerebellum to the vestibular nuclei (cerebellovestibular tract). 
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The functions of the cerebellum are concerned with voluntary move- 
ments, yet they play no part apparently in initiating such movements. 
An animal deprived of its cerebcUum shows no actual paralysis, but 
its movements are shaky, jerky, and poorly controlled. In man, injury 
or disease of the cerebellum causes the same lack of muscular control; 
movements are not executed smoothly and evenly, and with the nicety 
of direction and force characteristic of normal muscular action. For 
example, the subject of cerebellar deficiency, if asked to touch his 
nose with his finger, moves the arm jcrkjly and fails to hit the mark. 
The gait is staggering in character; the muscles are hypotonic, and the 
limbs show a coarse tremor upon attempting any movement. Ataxia is 
the term applied in general to disorders of voluntary muscular con- 
trol; those resulting from disease of the cerebellum are therefore 
grouped under the designalign cerebellar ataxia. 

As a result of numerous experiments upon animals and of studies 
of cerebellar deficiency in man (gunshot wounds or disease), it is now 
generally believed that the chief function of the cerebellum is to 
blend or synergize the actions of the different muscles engaged in a 
given movement. Through cerebellar activity, the contractions of the 
individual muscles, or groups of muscles, are so timed and graded in 
force that their combined action results in a smooth and effective 
movement. The anatomical basis for such function has been outlined 
above. Its superior peduncles connect the cerebellum with the motor 
area of the cerebral cortex on the one hand and, on the other hand, 
through the red nucleus and the rubrospinal tracts, with the anterior 
horn cells of the spinal cord. Through the spinocerebellar tracts, on 
the other hand, the cerebellum is kept constantly “informed” of the 
position of the limbs and movements of the muscles Through the ves- 
tibulocerebellar tracts, it receives impulses from the labyrinth acquaint- 
ing it with movements of the head in space. 

The impulses reaching the cerebellum give rise to no sensation; the 
cerebellum carries on its activities entirely beneath the level of con- 
sciousness. 


The Membranes (Meninges) of the 
Brain and Spinal Cord 

The central nervous system is enclosed within three concentric mem- 
branous sheaths. The outermost of these is relatively thick and tough 
and is therefore called the dura mater (L. bard mother) . The inner- 
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zontal sheet, the tentorium cerebelli, which projects forward between 
the cerebrum and the cerebellum; and a short vertical crescentic spur, 
the falx cerebelli, that extends forward in the notch between the pos- 
terior poles of the cerebellar hemispheres. The narrow interval be- 
tween the dura mater and the arachnoid is called the subdural space. 
The arachnoid, a much thinner membrane than the dura mater, forms 
a loose investment for the central nervous system. With one exception 
— namely, the deep fissure between the hemispheres — it does not dip 
into the fissures and sulci, and other depressions in the contours of the 
brain, but bridges over them The pia mater, on the contrary, adheres 
to the underlying nervous tissue, following all its irregularities faith- 
fully, even into the depths of the fissures. 

Ihe subarachnoid space and the ventricular system. The interval 
between the arachnoid and the pia mater which, as mentioned above, 
is interlaced by a delicate network, is known as the subarachnoid 
space. It is filled with a thin limpid liquid called the cerebrospinal 
fluid. This fluid is similar in composition to plasma or lymph, but its 
dissolved constituents (sodium chloride and bicarbonate excepted) are 
in lower concentration Its composition is given below. It will be ob- 
served that the protein concentration is extremely low, whereas that 
of sodium chlonde is higher than in plasma (see Table 12-3, and 
pages 57 and 58). 

Table 12-3 


Composition of cerebrospinal fluid 
in milligrams per 00 cc 


Protein 

15-55 

Glucose 

50-80 

Calcium 

4-6 

Potassium 

12-17 

Sodium chloride 

720-750 

Bicarbonate 


(Volumes percent CO,) 

40-60 

Inorganic phosphate 

1.25-2.0 


Very few cells are to be found in the cerebrospinal fluid, and they 
are of the lymphocyte variety. The cerebrospinal fluid is under pres- 
sure. In the cistema magna, in the lying down position, it is around 
90 mm of water, but falls to zero or a little below when the subject 
stands. In the lower part of the spinal subarachnoid space (lumbar re- 
gion), the cerebrospinal fluid pressure in the lying-down position is 
about the same as that in the cistema magna, but rises to between 500 
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and 600 mm of water in the standing position. This is about the hydro- 
static pressure of a column of fluid extending from the cranial cavity 
to the lumbar region. Coughing, sneezing, blowing, straining at stool, 
or lifting weights raises the pressure in the veins of the thorax. The 
augmented pressure is transmitted through the veins of the neck, and 
thence to the cerebrospinal fluid. The volume of fluid is kept constant 
at about 130 cc (in man) by the nicely balanced processes of forma- 
tion (secretion by the choroid plexus) and rcabsorption through the 
arachnoid granulations (sec below) . There is no communication be- 
tween the subarachnoid space and the subdural space; the latter, like 
the pleural and peritoneal cavities, is a potential space only, a thin 
layer of lymph lying between the two membranes. 

The cerebrospinal fluid serves a protective function, serving to shel- 
ter the delicate nervous structures from mechanical shocks that may 
be applied to its bony encasement. It gives buoyancy to the brain and 
spinal cord; the weight of the brain in Us normal situation is only about 
one thirtieth of its weight after removal from the cranium. 

Since the pia mater clings to the 
surface of the brain, dipping into 
all the fissures and sulci and follow- 
ing closely all the contours of the 
cerebrum, brain stem, and cerebel- 
lum, whereas the arachnoid forms 
n relatively loose investment, there 
arc certain regions — such as at the 
junction of the pons with the me- 
dulla. and of the latter with the 
cerebellum — where the subarach- 
noid space is widened. In such re- 
gions, there arc relatively large col- 
lections of cerebrospinal fluid. 

These are called dsternae (L. a cis- 
tern or reservoir). The principal 
cistemae are sho\vn in Fig. 12.40. 

Hollow spaces filled with cere- 
brospinal fluid are to be found 
within the brain itself. They are called ventricles, and are four in num- 
ber. The largest are the lateral ventricles, one in each cerebral hemi- 
sphere (Figs. 12.41 and 12A2). The third ventricle is a. much smaller 
space situated between the optic thalami. The fourth ventricle lies be- 
tween the cerebellum behind and the pons and upper half of the me- 


AAtencr horns 



Fig. 12.42 Cast of the ventricular 
system of the brain. (Redrawn after 
Retzius.) 
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duUa oblongata in front The postenor aspect of the latter two parts of 
the brain stem really form its anterior wall which, however, is usually 
referred to as its “floor ” The superior cerebellar peduncles and parts of 
the cerebellum enter into the formation of its posterior wall or roof 
Highly vascular fringes of pia mater project into each of the four ven 
tricular cavities They are covered with epithelium which secretes the 
cerebrospmal fluid and are known as the choroid plexuses All the 
ventricles of the brain communicate with one another, as well as with 


Hg 12 43 lotercal hydro* 
cepbalus in a young child 
(Drawn from a photograph 
after Purves Stewart ) The 
shaded area at Ihe dome of the 
bead represents the part of the 
skull (anterior fonlanelle) 
which owing to the wide sep* 
araiton of the bones, is coy 
ered by scalp and membrane 
only In a normal child of ihe 
same age, this fontanelle 
should be completely, or very 
nearly, closed and even at 
birth it is no more than about 
1 inch m its transverse diam 
eter 

the subarachnoid space and the central canal of the spinal cord The 
third ventricle communicates with the lateral ventricles through the 
foramina of Monro, and the third ventricle with the fourth through 
the cerebral aqueduct Through an aperture in a recess on each side, 
the fourth ventricle communicates with the subarachnoid space and, 
at Its infenor angle, it is continuous with the central canal of the spinal 
cord 

Arachnoid granulations is the name that has been given to small 
excrescences of the subarachnoid mesh which, carrying a covering of 
dura mater before them, project into the venous sinuses of the brain 
(Fig 12 39) They filter fluid from the subarachnoid space into the 
blood stream A smaller amount of fluid passes into the capillaries of 
the pia mater Thus, by this process of reabsorption, the cerebrospinal 
fluid IS maintamed at constant volume Any block, such as in the cere 
bral aqueduct or at the foramina of Munro (which may occur as a con- 
genital defect, or from disease in infancy or, though less commonly, m 
later life) will upset the balance between secreuon and reabsorption. 
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Fluid will continue to be formed by the choroid plexuses on one side 
of the block, but reabsorption of the secreted fluid by the arachnoid 
granulations will be prevented. Damming back of fluid results, and the 
part of the ventricular system involved (this includes the third ventricle 
and usually the lateral ventricles) becomes greatly dilated. As a con- 
sequence of the increased fluid pressure, the brain substance becomes 
thinned and the skull bones separated. There is usually mental de- 
terioration. This condition is known as internal hydrocephalus (Fig. 
12.43). 

External hydrocephalus may be caused by a blockage at some point 
in the subarachnoid space, as may result from meningitis, tumor, etc. 
The cerebrospinal fluid is then increased in any part of the subarach- 
noid space cut off from the arachnoid granulations. Cisternae, so iso- 
lated, are enlarged and the ventricular system may be expanded. There 
is a pronounced rise in intracranial pressure. But this type of hydro- 
cephalus may occur though no blockage exists,^nd may then be due to 
an increase in the production of cerebrospinal fluid by the choroid 
plexuses (as in meningitis) or to an elevated pressure in the venous 
sinuses of the brain. 

The withdrawal of cerebrospinal fluid * from the subarachnoid space 
in the lumbar region through a specially designed wide-bore needle 
introduced between the fourth and fifth lumbar vertebrae (lumbar 
puncture) is today a cammou and invaluable procedure in the diag- 
nosis of meningitis, brain abscess, tumor, etc. Lumbar puncture is also 
employed for the introduction of a spinal anesthetic or of a curative 
drug. The chief abnormalities m the cerebrospinal fluid that are of 
diagnostic importance in neurological disease are a cloudy appearance, 
an increase in the protein content (ten times or more), and a rise in 
the number of leucocytes. 


The Autonomic Nervous System 

The autonomic (Gk. autos, self + nomos, law, i.e., self governing) or 
involuntary nervous system governs those functions which are carried 
out automatically, and which under ordinary circumstances do not ob- 
trude upon consciousness. These functions include the control of the 
rate of the heart, the movements of the gastrointestinal tract, the cali- 
ber of the small blood vessels, the contraction or inhibition of smooth 
muscle in various other structures (e.g,, skin, urinary bladder, gall 

* A sample of cerebrospinal fluid may also be obtained in a comparable maniwr 
from tbe cistema tnagna (cisternal puncture} or from a lateral ventncle. 



562 THE CENTRAL NERVOUS SYSTEM 


bladder, and bronchi) and the secretion of the sweat glands and of 
various digestive glands. 

The efferent nerves of the autonomic nervous system arise from 
groups of cells situated at different levels of the central nervous sys- 
tem, from the midbrain to the sacral region of the spinal cord, 
fibers, after issuing from the brain or cord, make connections with 
nerve cells situated either m a ganglion or in the innervated organ it- 
self ( muscle or gland ) . Thus, every autonomic pathway consbls of two 
neurons The axon, whose cell body lies within the central nervous 
system, IS called the preganglionic fiber; that of the outlying (gangli- 
onic) nerve cell, the posrgnnghortfc fiber (see PI. 12A). 

The autonomic nervous system b divided upon an anatomical as 
well as upon a physiological basis into two parts, called the parasynx' 
pathetic and sympathetic divisions (sec PI. 11). 

Tlie parasympatliclic divbion. The parasympathetic divbion is sub- 
divided into a cranial and a sacral part or outflow. The preganglionic 
fibers of the cranial outflow anse from groups of cells situated in the 
midbrain, pons, and medulla oblongata The midbrain fibers originate 
in the oculomotor nucleus and connect with cells in the ciliary gan- 
glion; postganglionic fibers are distributed to the iris, and transmit im- 
pulses which constrict the pupi! The celb in the pons arc m close asso- 
ciation with the nucleus of the facial nerve; the preganglionic fibers arc 
conveyed in the chorda tjTOpani branch of the facial nerve to ganglion 
cells situated tn, or m close relation to, the submaxillary and sublingual 
(salivary) glands From here the impulses are transmitted by postgan- 
glionic fibers to the gland celk. The fibers in the chorda lympani nerve 
are vasodilator as well as secretory in function. 

lit the medulla, the cells that give rise to the parasympathetic fibers 
are situated in the glossopharyngeal and vagus nuclei, "nie former en- 
ter the glossopharyngeal nerve and pass to the otic ganglion; from here 
gostpanglionic fibers conveying vasodilator and secretory impulses are 
relayed to the parotid gland. 

The vagus nene is composed in the main of parasympathetic fibess; 
these have a very wide distribution — to the heart, bronchioles, esopha- 
gus, stomach, small intestine, and first third of the large intestine, and 
to the pancreas, liver, gall bladder, and bile duels. The preganglionic 
fibers of the vagus may, therefore, be 2 feet ot more in length, whereas 
the postganglionic fibers are very short. The latter form a rich plexus— 
Auerbach's plexus — in the walls of the gastrointestinal tract, bron- 
chioles, and biliary ducts. Groups of (ganglionic) nerve cells are scat- 
tered throughout plexus of fibers. 
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The cells of the sacral outflow are situated in the second, third, and 
fourth sacral segments of the spinal cord. The fibers leave the cord by 
the anterior spinal nerve roots. Separating again from the other ante- 
rior root fibers, they combine to form the pelvic nerve. This nerve sup- 
plies motor fibers to the distal two thirds of the large bowel and to the 
wall of the urinary bladder, and vasodilator fibers to the penis and 
clitoris. It also contains inhibitory fibers to the internal anal sphincter 
and to the internal sphincter of the bladder. The postganglionic fibers 
of the sacral outflow arise from small ganglia situated in close proxim- 
ity to, or in the walls of, the innervated organ. 

The sympathetic division. The preganglionic fibers of the sympa- 
thetic nerves are the axons of cells in the lateral gray horns of the spinal 
cord (p. 524), from the first thoracic to the second or third lumbar 
segments, inclusive. The sympathetic is, therefore, commonly referred 
to as the thoracicolumbar outflow of the autonomic nervous system. 
The preganglionic fibers leave the cord by the anterior roots of the cor- 
respondmg spinal nerves. The ganglia of the sympathetic are in two 
roam groups, the vertebral and the prcveriebral. The vertebral ganglia 
are situated on either side of the vertebral column (PI. 12A).They ap- 
pear as a series of 22 or 23 swellings on each side, connected together 
to form a long, beaded cord. This extends from the base of the skull to 
the coccyx, and is called the gangliated cord of the sympathetic. At 
theic lower limUs the two cords come together and end m. a single (un- 
paired) ganglion called the ganglion Impar. 

The prevertebra! ganglia are larger than the vertebral; they lie in 
front of the spinal column and in cl(»e relation to the aorta and its 
branches. 

The sympathetic fibers destined for the supply of the limbs (blood 
vessels, sweat glands, and smooth muscle of the skin) soon separate 
from the anterior nerve roots and enter the vertebral ganglia. These 
fibers {preganglionic) are seen bsuing as slender glistening strands, 
one from each anterior spinal nerve root from the first thoracic to the 
second or third lumbar segment They are called the white rami com- 
municantes. The fibers of which each of these strands is composed 
enter the vertebral ganglion corresponding to the segment of the spinal 
cord from which they arise; here synapses are usually made, by at least 
a small proportion of the fibers, with nerve cells (PI. 12A). But the 
fibers of the white rami communicantes do not necessarily terminate 
around nerve cells in the ganglion which they first enter; they may 
pass up or down the gangliated coiri to synapse with ganglion cells at 
a higher or lower level. The axons of the cells in the ganglia {post- 
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ganglionic fibers) leave the gan^ia as short yellowish-pink filaments, 
known as the gray rami communicanies, which join the spinal nerves 
The sympathetic' fibers are thus dbtributed to the periphery with the 
ordinaty motor and sensory fibers. All the spinal nerves receive post- 
ganglionic fibers, though the anterior roots of only a proportion of the 
spinal nerves (first thoracic to second or third lumbar) give rise to 
white rami (preganglionic fibers). That is to say, the spinal nerves 
above the first thoracic segment or below the third lumbar have gray 
rami but no white rami. 7110 sympathetic fibers above or below these 
levels must travel up or down the gangliated cord to the appropriate 
vertebral ganglion and then pass as gray rami to the spinal nerves (see 
PI. 12A). 

The sympathetic fibers to the viscera and blood vessels of the ab- 
domen do not connect with the vertebral chain of ganglia, but pass to 
the prevertebral ganglia — celiac, superior mesenteric, etc. The post- 
ganglionic fibers form plexuses around the branches of the abdominal 
aorta, from which the vessels and viscera receive their syTOpathetic 
supply. TTie fibers passing from the spinal cord to the prevertebral gan- 
glia are collected on each side Into three well-defined strands called the 
greater, lesser, and least splanchnic nerves. 

Functions o! the auloDomic nervous i^em. The sympathetic divi- 
sion exerts a regulating influence on a great number of structures. 
Through the cardiac accelerator nerves, it Increases the rate of the 
heart; through the splanchnic nerves, it inhibits the movements of the 
intestinal tract, maintains the tone of the arterioles of the abdomen, 
hastens the formation of glucose from glycogen by the liver, and causes 
the liberation of adrenaline from the adrenal medulla. Through the 
part of the sympathetic in the neck — the cervical sympathetic^— im- 
pulses are conveyed to the pupil (causing dilatation), to the salivary 
glands, and to the blood vessels of the bead and neck. Sympathetic im- 
pulses cause relaxation of the wall of the urinary bladder, but contrac- 
tion of the internal sphincter of this organ Sympathetic fibers in the 
cutaneous nerves transmit motor impulses to the smooth muscle of the 
skin and secretory impulses to the sweat glands. 

Many structures— ^uch as the iris, heart, intestines, urinaiy bladder, 
salivary glands, and pancreas — receive fibers from both divisions of 
the autonomic nervous system. The actions of the two upon a given 
organ are antagonistic and balanced one against the other, the activity 
shown by the organ at any moment being the resultant of the two op- 
posing influences. The parasympathetic fibers (vagus) to the heart, for 
example, arc inhibitory, the sympathetic excitatory. On the other hand. 
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Tabla 12-4 


Organ 

Parasympathetic 

effects* 

' Origin of sympathetic 

postgangUonk fibers 

Sympathetic 

effects 

Heart 

Inhibition 

Supenor middle and infenor 
cervical ganglia 

Acceleration 

Vessels 



Cutaneous 

Muscular 


Various vertebral ganglia 

1 Various vertebral gandia 

Constnction 

Dilatation 

Coronarv 

Constriction 

Cervical ganglia l 

Dilatation 

Salivary glands 

D laUtion 

Supenor cervical eandion 1 

Constnction 

Pulmonary 

Constriction 

Thoracic vertebral ganglia 

Constriction 
and d latation 
Constnction 

Cerebral 

Dilatation 

Supenor cervical ganglion 

Abdominal and 

Dilatation 

1 Prevcftebial ganglia 

Constnction 

pelvic viscera 



External gemtalia 

Dilatation 

Prevertebral ganglia 

Constnction 


Constriction 

Supenor cervical gangl on 

DJatation 

Ciliary muscle 
Smooth muscle 
of orbit and 
upper lid 

Contraction 

1 Supenor cervical gangl on 
Supenor cervical gandion 

Relaxation 

Contraction 


1 


Bronchi 

Constriction 

Thoracic ganglia 

Dilatation 





Sweat 


Vertebral ganglia 

Secretion 

Sahvaiy 

Seetetion 

i Supenor cervical ganglia 

Secret on 

Oastnc 

Secretion 

1 Celiac ganglion 

Inhibition 
Secretion of 
mucus 

Paneieas 




Acini 

Islets 

Liver 

Adrenal medulla 

Secretion 

Secteuon 

Celiac ganglion 

Celiac gan^on 

Cel ac ganglion 

No postganglionic fibers 

Clycogenolysis 

Semtion 

Smooth muscle 




or skin 


Vertebra] ganglia 

Contraction 

or stomach wall 

Contraction or m 
hibition 

Celiac gangbon 

! Contraction or 
inhibition 

Of small intest ne 

Increased tone and 
motility 

Celiac and supenor mesen 

Inhibition 

Of large intestine 

Increased tone and 
motiLty 

Infenor mesentenc and hy 
pogastnc ganglia 

Inhibition 

Of bladder wall 
(detrusor 
muscle) 

Of tri|onc and 
sph nctcr 

Contraction 

Infenor mesentenc and hy 
pogastnc ganglia 

Inhibition 

Inhibition 

Infenor mesentenc and hy i 
pogastnc ganglia 

Contraction 

Of uterus 
pregnant 

Of uterus 
nonpregnant 

Nil 

Inferior mesentenc and hy 
pogastnc gangl a 

Contraction 


Inferior mesentenc and hy 
pogastnc ganglia 

Inhibition 


* With certain exceptions (e.g those supplying the sublingual and parotid ^ands and 
the sphincter pupiUae) the postgangl onic fibers of the parasympathetic anse from cells 
situated in, or in dose proximity to the innervated organ itself 
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Stimulated, acetylcholine is liberated, and is the direct cause of the in- 
hibitory effect upon the heart muscle Similarly, adrenaline (p 420), 
IS liberated at the terminals of the cardiac accelerators, and from cer- 
tain other nerves of the s)mpathetic system (see pp 188 and 425) 
These facts, which have led to a revolutionary change in our ideas of 
penpheral nervous action, base been supplemented within the Iasi few 
years by a number of observations of great interest and importance 

It has been shown for example, that acetylcholine is liberated at the 
terminals of such parasympathetic nerves as those going to the iris (in 
the oculomotor nerve), to the salivary glands (m the chorda tympani). 
to the stomach and intestines (in the vagus), and to the bladder (in 
the pelvic), as well as from certain sympathetic nerves — eg, from 
those to the sweat glands and from those that cause dilatation of the 
vessels of the skeletal muscles 

Acetylcholine liberation also plays a part, though its precise mode 
of action is not altogether clear, m the transmission of nervous effects 
across sympathetic and parasympathetic synapses — that is. from pre- 
ganglionic fibers to the ganglionic cell Still more extraordinary is the 
discovery that acetylcholine liberation m the region of the motor end 
plate 15 an essential event in the contraction of skeletal muscle 

Following the suggestion of Sir Henry Dale the English physiolo- 
gist, It IS now customary to speak of those fibers that liberate an adren 
alinelike substance (see sympalhm) as adrencr(>ic, and those that 
liberate acetylcholine as cholinergic All preganglionic fibers (sympa- 
thetic or parasympathetic), all postganglionic parasympathetic fibers, 
and certain postganglionic sympathetic fibers (e g , to sweat glands), 
as well as the fibers of voluntary motor nerves are cholinergic (see 
PI I2C) 

Conditioned Reflexes 

The type of reflex (unconditioned reflex) that has been considered 
(pp 297 and 510) is carried out entirely through centers situated in 
the spinal cord or lower (subcortical) levels of the brain Uncondi 
tioned reflexes are inborn, they are not dependent upon past experi- 
ence, education, or training In conditioned reflexes, on the other hand, 
the activity of the cerebral cortex plays an essential role Conditioned 
reflexes were first demonstrated and studied by Pavlov, the Russian 
physiologist, and most of the knowledge that we possess of this type 
of response is the outcome of his investigations An understanding of 



558 THE CENTRAL NERVOUS SYSTEM 



Rg 12 44 Upper drawing sbowiog arraaeenient for canying out s eoni 
tioned ^ex experiment The open eg of the parotid duct has been tranipJanted 
to the 8bn^ the cheek so that the sahva as it U secreted may be collected and 
mcMured The an raal u separated from the expenmenter by a part tion in order 
tnat extraneous types of stimulation (e g movements or sounds made by the 
expenmen r) shall not arouse the animal $ interest and thereby interfere with 
the conditioning process (From Pavlov Uciuret on Condit oned Reflexes In 
ternational Publishen N Y ) Below d agram to illustrate the theory of the 
mechanism underlying conditioned reflexes 1 taste buds 2 sal vary center 
3 sdivary gland 4 occipital (visual) cortex S uncond I oned $t mulus CS, 
conditioned stimulus In A the anunal is fed and a stimulus thus appl cd to the 
taste buds In B a conditioned visual stunulus (eg a flash of 1 ght) is applied 
at the same time as (he uncond tioned stimulus A pathway from the oenp tal 
cortex to the salivary center is thus established In C, the cond t oned stimulus 
IS appLed alone Impulses pass from the visual cortex to the salivary center and 
evoke salivary secretion 


the conditioned response can best be gained by giving a few examples 
of the results of Professor Pavlov s experiments 

When a newborn puppy is given milk to drink there is a secretion 
of saliva due to the stimulation of the taste buds m the mouth The re 
flex arc in this instance is constituted of the nerves of taste the salivarj 
centers in the medulla and the secretory fibers (chorda tjTnpani or 
glossopharyngeal) to the salivary glands This is a simple or uncondi 
tioned reflex It is an mherent response and quite independent of pre 
vious expenence gained through any of the organs of special sense 
Now, as the puppy grows older it associates the appearance or smell 
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of the milk, or both, with its taste and the pleasure of gratifying the 
appetite. The mere sight or smell of the milk will then elicit a secretion 
of saliva; such a response is called a conditioned reflex. Pathways have 
become established in the brain between the cortical center for sight 
or for smell and the salivary center. In other words, the visual and ol- 
factory stimuli — conditioned stimuli — set up impulses which, imping- 
ing upon the salivary centers, are capable alone (i e., without stimu- 
lating the nerves of taste or other nerves in the mouth) of exciting them 
(see diagram, Fig. 12.44). If, on the other hand, a puppy which has 
never tasted meat is offered some (but is not allowed to taste it), there 
is no secretion of saliva. The association paths between the higher cen- 
ters of the brain and the secretory centers have not been developed. 
Conditioned reflexes become established not only with respect to feed- 
ing, and the secretion of saliva, but in many other similar ways in the 
everyday life of the growing animal Such processes are essentially 
psychic in character and dependent upon experience They, therefore, 
form the basis of training, and are of the greatest biological impor- 
tance. The animal, through the conditioning process, reacts appropri- 
ately to the various stimuli — beneficial or injurious — in the environ- 
ment. 

The Pavlov school has shown that conditioned responses can be de- 
veloped experimentally to an extraordinary degree. For example, if 
an animal is ted a numbeT ot times, dwting oi sbortiy after the tinging 
of a bell, a secretion of saliva occurs merely upon ringing the bell. The 
contact of food with the taste buds constitutes the unconditioned 
stimulus: the sound of the bell, the conditioned stimulus. The flash of 
a light, the sound of a buzzer, horn, or ticking metronome, a particu- 
lar odor, a touch upon the skin, or the passive movement of a limb 
into a certain position, and many other types of stimuli may serve for 
the establishment of the conditioned response — that is, may act as con- 
ditioned stimuli. 

Inhibition of conditioned reflexes. There are two main kinds of in- 
hibition affecting conditioned reflexes: external and internal External 
inhibition is that which causes an established conditioned response to 
be suppressed when the animal is distracted by something which he 
sees or hears, or by any event extraneous to the experiment itself. In- 
ternal inhibition is the failure of a conditioned reflex to be elicited 
after it has been repeated a number of times without the application of 
the original unconditioned stimulus For example, if a salivary condi- 
tioned response is evoked several times without giving the animal food, 
it becomes weaker and weaker with each repetition and finally fails 
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completely The response is said lo have been extinguished In order 
to maintain the conditioned response at full strength the uncondt 
tjoned stimulus must be employed after every few repetitions This re 
application of the unconditioned stimulus is called reinjorcemeni 
Another type of internal inhibition known as conditioned inhibi 
tion is best explained by an example Let us say that a salivary condi 
tioned reflex has been firmly established to the sound of a tuning fork 
another stimulus — e g a flash of light — is then combined with it but 
whenever the two are in combination reinforcement (feeding) is omit 
ted Then the single stimulus — namely the sound of the tuning fork — 
if regularly reinforced causes salivary secretion but if combined with 
the flash of light does not Thus the latter stimulus has an inhibitory 
effect upon the original conditioned response 



Fig 12 45 Examples of diftcrent figures which were 
successfully d ffcrcntiated in experiments upon s dog 
The letter T shown in the upper Jefi hand comer of 
the figure served for the pos live stimulus the other 
black figures and the wh Ic letter T were differentiated 
from the posit ve si mulus In another dog the white 
cross was the pos t vc stimulus from which the other 
wh le figures were d fferenl ated (From Pavlov Coit 
du oned Reflexes Oxford Un versify Press ) 


The conditioning process can be so developed that slunuli closely 
similar in character can be differentiated (as indicated by the secretion 
of saliva) with astonishing precision A dog in which a conditioned 
salivary reflex has been established lo a sound of a certain pitch wn 
not respond to a sound of the same quality and intensity but varjing 
m pitch from the ongmal by only two or ihtee double vibrations per 
second 

Differentiation of \ isual sttmufi can also be developed to a phenoin 
enal degree Figures of various shapes — a cross square or circle are 
readily differentiated (see Fig 12 45) A circle can be differeotiated 
by the dog from an ellipse whose diameters have a ratio no great^ 
than 9 to 10 That is if a salivary conditioned reflex has been estab- 
lished to a circular object such as a white cardboard disc it alone 
evokes a response A disc precise^ the same m all respects except that 
11 IS not quite circular but has diameters in the ratio of 9 to 10 will not 
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cause a secretion of saliva Olfactory tactile and proprioceptive stim 
uli can hVewise be differentiated with remarkable precision 

It IS evident that conditioned reflexes afford a valuable means for 
studying perception in animals It has been established for example 
that the dog possesses the ability of discriminating between slight vana 
tions in the intensity quality and pitch of a musical note between 
various odors and by sight between objects of different sizes and 
shapes and between lights of different intensities Colors on the con 
trary cannot be differentiated nor can a colored object be distin 
suished from a colorless one of the same size and shape It is con 
eluded therefore that the dog is totally color blind its surroundings 
being perceived only in white gray and black 


The Physiology of Sleep 

Dunne sleep most of the functions of the body are earned on at the 
lowest levels possible in health Heat production is from 10 to 15 per 
cent below the so called basal level The mechanisms regulating the 
body temperature are less sensitive than in the waking state and are 
depressed by from 0 5 to 1 0 degree Fahrenheit the rate of the heart 
IS reduced m frequency by from 10 to 30 beats per minute and a de 
clme in blood pressure of about 20 mm occurs in quiet restful sleep 
The urine volume is considerably reduced but its concentration m 
solids IS increased The cutaneous vessels are usually dilated and the 
secretion of sweat is stimulated The lone of all the skeletal muscles is 
lessened the deep tendon reflexes are depressed or abolished and there 
may be a Babinski (extensor) response of th» great toe (p 519) The 
eyes are usually rolled upward and the pupils constricted Gastric mo- 
tility and secretion have a tendency to be greater during sleep than in 
the waking state 

Seriously detrimental effects may be exerted upon the nervous sys 
tern by lack of sleep Experiments upon human subjects m which wake 
fulness was enforced for long penods caused profound psycholot^ical 
changes In one senes of expenments the volunteers went without 
sleep for penods of a duration up to 112 hours Loss of memory irri 
tability hallucinations and even schizophrenic manifestations were 
observed within from 30 to 60 hours of sleeplessness 

The required hours of sleep depth of sleep The amount of sleep 
required at different ages is given in the table below Adults vary 
greatly in the hours of sleep which they find necessary to “knit up the 
ravelled sleeve of care ’ 
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Hours 

New bom . . ...... 

. . 18-20 

Growing children 

10-12 

Adults 

6- 9 

Aged persons 

5- 7 


The depth of ordinary restful sleep fluctuates throughout the sleep- 
ing penod In most adults, sleep deepens through the first hour, after 
which It lightens rather sharply, and then more gradually until mom 
mg or until the usual time of wakening In growing children, how 
ever, sleep deepens a second time for a little while m the eighth or 
ninth hour In these observations the depth of sleep was judged by the 
amount of movement of the subjects 

Theories of sleep Many theories have been advanced to explain the 
temporary loss of consciousness which we know as sleep Their very 
multiplicity emphasizes the difliculty of findmg a satisfactory explana 
tion of the physiological processes underlying the phenomenon Prob- 
ably the oldest theory is that steep is induced by a reduction in the 
Wood supply to the brain or at least to the conscious centers This is 
the so<ca]!ed tsehemte theory Even the ancient Creek physicians had 
an idea that the carotid artery was in some way concerned with the 
onset of sleep The name itself expresses this belief (Gk karoudes 
carotid arteries from karoo put to sleep) In modem times the drowsi 
ness after a meal (the blood being diverted presumably from the bram 
to the digestive organs) was pointed to m support of the ischemic 
theory 

Some have favored a chemical theory, in one form or another 
Chemicals such as lactic acid, acetylcholine, bromide, or a specific 
‘ fatigue toxin ’ were supposed to accumulate dunng the waking hours 
which acted like a drug upon the nerve cells of the higher centers of 
the brain But no sound evidence can be cited m confirmation of this 
theory It would carry us too far afield to discuss the vanous theories, 
nor would it be of much profit to do so But three theories will be bnefly 
reviewed 

The first of these places a sleep center in the hypothalamus 
(p 541) A state, at least closely resembling sleep has been induced m 
animals by the electric stimulation of this region of the brain It is also 
true that many of the bodily changes in sleep arc manifestations of ac 
tivity of hypothalamic nuclei (especially of parasympathetic centers), 
such as constriction of the pupil, cutaneous vasodilatation reduced 
frequency of the heart beat, increased gastric tone and secretion, etc 

The second theory to be outlined is that which has as its chief basis 
the reduction in the discharge of the afferent impulses from the pe- 
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nphery to the conscious centers Dunng waking hours, these centers 
are being continually ‘ bombarded by impulses from the organs of 
special sense, as well as from the skeletal muscles (impulses of km 
esthetic sense) and semicircular canals The centers are bemg con 
stantly ‘alerted ” But when the sum of these impulses is reduced to a 
minimum, consciousness becomes dulled and sleep is mduced That 
muscular relaxation, and freedom from visual, auditory, and cutane 
ous stimulation are conducive to sleep needs no emphasis We require 
a dark and quiet room, a soft bed and an even, comfortable tempera 
ture m order to sleep But the reduction in the flow of afferent impulses 
to the brain can be no more than a contributory factor in the onset of 
sleep for the presence of all the desirable conditions mentioned will 
not always bnng sleep On the other hand sleep may supervene m the 
face of most adverse conditions, in a bright light and noisy sur 
roundings and even on hard ground 
Pavlov, as a result of his study of conditioned reflexes in dogs pro 
posed a theory of sleep based upon cortical inhibition (p 569) caused 
by the repeated elicitation of a conditioned response without reinforce 
meat The conditioned inhibition thus established in one area of the 
cerebral cortex may spread to associated areas and finally involve the 
entire cortex Such widespread cortical mhibition is sleep, according to 
Pavlov It may be induced by various ^pes of conditioned stimulation, 
if repeatedly applied without reinforcement It is a familiar experience 
that a monotonous sound, an unchanging view, a boring lecture, 
or any recurring event for which our interest flags is conducive to 
drowsiness Counting sheep the least excitmg of animals, is a well 
known device resorted to by those suffering from msomnia Pavlov 
descnbed some expenments in which the animal subject would fall 
into a sleeplike state standing in its harness and even while it was be 
mg stimulated All attempts to elicit the conditioned response failed 
On later occasions, it would fall asleep when merely brought into the 
room where the previous experiments had been conducted The well 
known surroundings had themselves acted as conditioned inhibitory 
stimuli There is little doubt but that the familiar appointments of our 
bedroom (we know very well that it is more difficult to go to sleep in a 
strange room), the preparation for bed, the feel of the bedcovenngs, 
and even the time of retiring, act m a similar way upon ourselves Hav> 
mg been associated innumerable times with sleep, they act as inhibi 
lory conditioned stimuli, and lodui^ m the cerebral cortex an inhibi 
tory mffuence which gradually diffuses over broad areas 

All three of the theories which have been bnefly sketched have m 
them each a degree of truth, but no one alone is entirely satisfactory 
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The Special Semes 


The Physiology of Vision 

General description of the eye. The adult human eye is shaped like a 
globe and has an approximate diameter of 1 inch (24 mm running 
anteroposteriorly and transversely, and 23.5 mm vertically). It is actu- 
ally made up of the segments of two spheres The anterior part is trans- 
parent and IS called the cornea. It forms about one sixth of the globe 
and is a segment of a smaller sphere than is that of the posterior five 
sixths (see Fig 13 1). The posterior wall of the globe is lined by a 
hght-sensilive tissue called the retina A cylindrical bundle of nerve 
fibers— the optic /lerve— passes from the posterior pole of the globe to 
the brain. The eye, except for the anterior fifth or so of its circumfer- 
ence, is enclosed in a bony case — the eye socket or orbital cavi'ry— but 
a thick layer of acrolar tissue is interposed between the eyeball and the 
bone, which serves as a cushion to buffer it against external violence. 
The eyeball is also protected from injury by the eyelids which, as we 
know, close reflexly, m an instant, to prevent dust or other particles 
from coming into contact with its surface The exposed part of the 
eyeball is covered by a delicate membrane called the conjunctiva which 
is continued forward on to the inner surfaces of the lids. \Vhen the lids 
open and close, the opposed conjunctival surfaces slide over one an- 
other. The surfaces are lubricated by a thin film of tears secreted by 
the lacrimal gland, which lies under the shelter of the bone forming the 
upper and outer part of the wall of the eye socket. The tears, after 
flowing over the surface of the ^c, are drained from its inner angle 
into the nose by two small tubes — the lacrimal ducts (see Fig. 13.2). 
If it were not for the continual washing and lubrication of the eyeball 
by the tears, the delicate protective membrane would soon become dry 
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and inflamed; ulceration of the comeal surface would result. The tears 
also contain a material known as lysozyme which destroys bacteria. 

The coats of the eyeball. The wall of the eye is composed of three 
layers or coats — an outer, a middle, and an inner (see Fig. 13.1). 

The outermost layer or sclerotic coat is fibrous in character; it pre- 
serves the form of the eyeball and protects the more delicate vascular 


CORNEA 



Fig !3.1 Horizontal section through the eyeball The dotted lines, 
HC, mark a narrow canal in the vitreous body (hyaloid canal) which, 
tn the embryo, lodged the hyaloid artery 


and nervous coats within. The sclerotic is transparent in front, where it 
forms the cornea. It also composes that opague exposed part of the 
eyeball surrounding the cornea, and commonly called the white of 
the eye. 

The middle layer or vascular coat, contains the main arteries and 
veins of the eyeball. It completely surrounds the globe, except for a 
small circular opening in front called the pupil. The vascular coat 
consists of the choroid, ciliary body (p, 59 1 ) , and iris (p. 607 ) which 
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is the annular colored band surrounding the pupil. The choroid com- 
prises the posterior 0ve sixths or so of the vascular coat. 

The innermost layer, retina, or nervous coat contains the recep- 
tors for sight — that is, those elements highly specialized to respond 
to stimulation by light, and to convert luminous energy into nerve 
impulses. The retina is developed as 
an outgrowth of the primitive brain; 
It is, therefore, essentially nervous m 
structure and function. It consists of 
several layers; the chief of these 
from withm (i.e., from the interior 
of the eyeball) outward are as fol- 
lows: 

1. Layer of optic nerve fibers 

2. Layer o! ganglion cells 
3 Inner plexiform layer 

4. Inner nuclear layer 

5. Outer plexiform layer 

6. Outer nuclear layer 

7. Layer of rods and cones 

8. Pigment layer 

The layer oj nerve fibers is composed of the axons of the ganglion 
cells of the next underlying layer (see Fig. 13.3). The fibers turn hori- 
zontally a short distance from their origins and, converging toward the 
posterior wall of the globe, form the optic nerve. 

The cells of the layer of ganglion cells are of different sizes and 
shapes. The larger cells arc called giant ganglion cells, the smallest 
ones, midget ganglion cells. The central processes (axons) of the cells 
of this layer arc the fibers already mentioned as forming the innermost 
layer and the optic nerve. Their dendrites pass outwards and form 
synapses with cells of the inner nuclear layer. 

The inner nuclear layer contains relatively small, oval, and flattened 
cells whose central processes synapse in the inner plexiform layer with 
the peripheral branching pioccMcs (dendntes) of the ganglion cells. 
Their penpheral (outward running) processes synapse in the outer 
plexiform layer with the fibers of the rods and cones. The outer nu- 
clear layer is composed mainly of the fibers and nuclei of the rods and 
cones. The plexiform layers arc composed of fibers of the cells in the, 
nuclear layers (or ganglionic layer) on either side, where, as just 
mentioned, synapses arc formed. 

The rods and cones (Fig. 12.3) are the receptors of sight. They are 



Fig 13 2 The lacrima] apparatus. 
1, lacninal ducts, 2, lacrimal sac; 
3, oasolacrimal duct Region 
marked off by mterrupted line m- 
dicates the position of the lacrimal 
gland. 
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Fig 133 The layers of the retina upper drawing below larger drawings of 
the tods and cones and the pigment cells, suiiace view 
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modified nerve cells When light strikes them, impulses are set up and 
transmitted to the nerve cells of the inner nuclear la)er, and thence to 
the ganglion cells, and fay the axons of the latter (winch constitute the 
optic nerve) to the visual area of the cerebral cortex (see p 536) It is 
evident from their position that light, in order to reach the rods and 
cones, must penetrate all layers of the retina except tlie outermost one / 
of pigment cells It should also be mentioned that, though the visuaT 
receptors are stimulated most effectively by light, they respond also to 
mechanical stimuli A blow, or even light pressure upon the eyeball 
will cause a visual sensation in the form of a flash circle, or star of 
light The sensations of light produced by pressure or other stimulus 
applied to the eye with the lids closed are called phosphenes — ^ 


Fig 13 4 The blind spot 
Close the right eye hold 
ihe figure about 6 inches m 
front of the left eye and 
look steadily at the white 
disc Move the book slowly toward the eye unlit ihe cross disappears When tha 
occurs the image of the cross has fallen upon the entrance of the optic nerve 
from which rods and cones are absent, it is therefore insensitive to light 


The layer of pif>mcnt celh consists of a single stratum of hexagonal 
epithelial cells The cells send out protoplasmic processes which are 
insinuated between the rods and cones The inner rones of the bodies 
of the cells contain numerous round and rod shaped granules of a dark 
brown pigment The pigment serves, like the black paint on the inside 
of a camera to absorb light which otherwise would be reflected and 
diffused causing blurring of the retinal image In the eyes of the frog 
and other cold blooded forms, a strong light causes the pigment gran 
ules to migrate into the cell processes surrounding the bases of the rods 
and cones, and thus to prevent more effectively the diffusion of light 
from one receptor to another In dim light, the granules become con 
centrated toward the cell centers 

Tlie fundus oculi. The postenor part of the interior of the eyeball is 
called the fundus (fundus oeuW) It can be examined in the living sub 
jcct by means of an instrument known as an ophthalmoscopeAviwch 
throws a beam of light through the pupil onto the retina The opUC po- 
pilla IS situated near the center of the posterior wall of the eyeball (see 
PI 12B) It appears as a pale disc, and is produced by the conver- 
gence. as into a vortex, of the visual fibers to form the optic nerve The 
retinal blood vessels pierce the papilla near its center, and cross its 
face to reach the retina The papilla is composed entirely of nerve 



OUTER PLEXIFORM LAYER' 

OUTER NUCLEAR LAYER' 

LAYER OF RODS AND CONES' 

LAYER OF PIGMENT CELLS' 

Fig 13 5 Microscopical appearance of the fovea centralis 
the region of most acute vision it osmains cones but in man 
no rods 



retina except the rod and cone and pigment layers are extremely thtn 
tn this area, it is only about I ;nm in diameter inch) The fovea js 
the region of most acute vision, when we look at an object, the eyes are 
directed so that an ima^e of the object falls upon the fovea of each e^e 
Vision in the rest of the retina (called the peripheral or extrafoveal 
retina) is much less sensitive, and enables us to gam only a dim, ill 
defined impression of our surroundings The reader can demonstrate 
this fact for himself if he looks straight ahead and tries to define ob 
jects on either side or above and below his line of vision 

The crystalline lens and ins (Fig 13 I ) and the muscles of the eye 
ball will be described when the functions of these structures are being 
considered 

The duplicity theory of vision. According to this theory, which is 
now universally accepted the rods and cones have different thresholds 
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of excitation and also show differenas in function Vision m bnght 
light (phoioptc ot daylight vtaori) and the perception of color are 
functions of the cones The rods, on the other hand, having a much 
lower threshold than the cones, make it possible to see m dim light 
(scoiopic or tw lUght vision) That is to say, the rods respond to light 
of much lower intensity than is required to excite the cones But the 
rods do not give nse to any color sensation, this is a sensation entirely 
dependent upon the cones Rod vision is in black, white, or a mixture 
of the two, namely gray * Thus it is that at twilight the color of the 
landscape fades, or seems to be brushed over with a gray wash The 
cones, though having a higher threshold to light stimulation than the 
rods, are capable of much more acute vision, making it possible for 
us to perceive the more precise form and finer detail of objects Some 
species of birds though they possess very acute vision, have few or no 
rods itv theit retinas the pan of the human retina that is capable of 
the most acute vision — namely, the fovea centralis — contains only 
cones, or at the most, only a scattering of tods When we look at an 
object the eyes are so turned that the image falls upon this small ccn 
tral area of the retina Surrounding this rod free region — the extra 
foveal or peripheral retina — there are both rods and cones, but the 
cones become progressively less numerous and the rods more so 
from the center of the retina to its more peripheral parts until, at the 
extreme limit rods are present alone 

The retinas of night birds, such as the owl, and certam mammals 
such as the rat, contain only rods 

The greater sensitivity of the peripheral part of the retina (rods) in 
dim light as compared with the foveal region (cones) is sometimes 
demonstrated in an interesting way when on a dark but starry night we 
may see a small star out of the ‘‘corner of the eye” (i e , when its image 
falls on the extrafoveal part of the retina) which disappears when our 
eyes are turned directly toward where it was seen, its image has now 
fallen on the fovea which m the prevailing light is blind 

If a subject is seated in a dark room and a colored object is placed 
before him which even after his eyes have become accustomed to the 
dark, he cannot see, and the object is then very gradually illuminated 
he sees it without color As the illiunmation is further increased, and 
the threshold of the cones is reached, the object is seen in finer detail 

* It is ihought that the rods though they possess of color 

Uqo, do oeverthcless give & unlfonn blue tuit to a d tniy lighted scent The olu 
cast given to our surroundings in the moonlight, in which rods alone arc fuiictioain| 
gives support to this belief 
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and in color. The interval between the threshold of the rods and that 
of the cones — that is, the interval from when the object is first seen to 
the perception of its color — is called the colorless or achromatic inter- 
val. The rods, like the chemical on a photographic film, are almost in- 
sensitive to deep red.* The achromatic interval for this color is, there- 
fore, very short. That is to say, in a dim light a deep red object appears 
nearly or quite black, for black is a sensation caused by complete ab- 
sence of retinal stimulation. That is the reason that at twilight in the 
garden the red flowers lose their color, appcanng as dark blotches, 
whereas yellow and blue flowers, though they appear without color, 
stand out as light patches against the background. 

The Purkinje phenomenon. The evidence for the duplicity theory of 
retinal function is overwhelming The Purkinje effect, for example, 
clearly shows that two types of visual receptor are present in the hu- 
man retina. The Purkinje phenomenon is the shift of the brightest part 
of the spectrum with changes in the intensity of illumination. If the 
spectrum (the series of colored lights from red to violet, as in the rain- 
bow, into which white light is split by a pnsm) js viewed at high il- 
lumination, its brightest part is in the yellow, but, when the fight in- 
tensity is reduced to that of twilight, Its colors fade The bnghtest part 
is now in the green; it has shifted to the right. The cones are stimu- 
lated maximally by pure yellow light, the rods by fight green. 

Dark and light adaptation. It is a familiar experience that we are 
for a time quite blind after passing into a dark room from a bright one. 
After a short time we begin to see dimly the objects around us, and it 
almost seems that a faint light is gradually illuminating them. The ef- 
fect, however, is due entirely to changes occurring m the eye which, it 
is said, becomes dark adapted The process is called dark adaptation. 

* There may be some confusion here in the reader's mind with regard to the 
statement that deep red light does not stimulate the rods, or does so very slightly 
This color, when the illumination is below the threshold of the cones U\ough above 
that of the rods, does not cause a sensation of light at all, whereas green, blue, and 
other colored objects appear as varying ^ades of gray, at low light intensities In 
other words, an object, which in bnght light appears dark red, causes, when viewed 
in dim light, little or no photochemical reaction, therefore, it appears black, which 
IS the negative "sensation” resulting from the absence of all retinal stimulation Thu 
fact was made good use of dunng the late war It was, of course, of the utmost 
importance that In air raids at m^t over enemy temtory, the vuion of the crew 
should be at maximum efficiency Their eyes must be fully dark adapted. But it 
would be most irksome for the crew to be kept In the dark for an hour or so before 
they took off on their mission They were therefore confined In a room Oluminated 
by red light, where they were able to amuse themselves playing cards, or even read- 
ing The breakdown of rbodopsm in thu Iig^it was negligible, night vision was there- 
fore maintained at maximum efficiency. See vuual purple, p. 582. 
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Seeing %vith dark-adapted c>es is called scotopic vision or rod vision 
Dark adaptation is due to, 

(1) Increased sensitivity of the rods as a result of (he regeneration 
of the light-sensitive substance visual purple (see below), and 

(2) Dilatation of the pupil which permits mote light to enter 
the eye 

We also have experienced the dazzling effect of a bright light after 
our eyes have been accustomed to the dark. But after a time we can 
look at the bright objects around us without discomfort. The eyes ha\c 
nOw become hght adapted, the processes bringing this about are re- 
ferred to as light adaptation. Vision in the light-adapted eye is termed 
photopic and, since it is due to the cones, may also be called cone vi- 
sion. The events which take place in the eye are the opposite of those 
occurring m scotopic or rod vision — namely, 

( 1 ) Bleaching ot visual purple and reduced sensitivity of the rods, 
and 

(2) Contraction of the pupil. 

Visual purple or rhodopsln. The outer segments of the rods contain 
a rose-colored pigment which has been named, (hough somewhat in- 
accurately, visual purple. It also goes by the name of rhodopsln 
(Ok. rhddon, a rose -f ops, the eye) . This substance is of protein nature, 
with a molecular weight around 300,000 A pigment of the carotene 
group (p. 385) is linked to the protein. This complex compound 
(protein -f pigment) is bleached by light rays, the pigment being sphl 
from the protein and converted to vitamin A. These products are col- 
orless. An intermediate step In this photochemical change is the forma- 
tion of an orange-yellow pigment called retmene. Thus, 

Rhodopsin (visual purple) 

I action of light 

Vitamin A -f- protein « Rctincne -f- protein 

Tn the dark, rhodopsin is resynthesized from vitamin A and protcini*^ 
A photochemical substance — ^violet colored — is also believed to be 
present in the cones, but much Jess is known about it. It has been 
named iodopsin (Gk. iodes, vioIetUke), 

The bleaching of rhodopsin by light can be demonstrated in a rab- 
bit’s eye which has been recently excised in a darkroom When the eye 
Is directed toward some brightly illuminated obj'ect, such aS a window 
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against the sky, the outlines of the window frame can be made out 
upon the retina, when the eye is opened and examined m a dim light. 
V^ere the light fell upon the retina, the visual purple was bleached, 
but was left unchanged where the bars of the window cast their shadow 
(Fig 13 5) The excised eye can thus be made to behave as a camera, 
the visual purple acting like the chemical m the 
coating on the film The crude picture so formed 
IS called an optogram 

It IS evident then that the initiation of im 
pulses in the nervous elements of the retina is de- 
pendent primarily upon a photochemical proc 
ess Defective vision in dim light (twilight) — an 
abnormality known as night blindness or nycia 
lopia — is a manifestation of vitamin A defi 
ciency or is due occasionally to a congenital lack 
of visual purple (see also p 386) 

The sensitivity of the retina. The retina of the 
dark adapted eye is capable of responding to an 
almost infinitesimal amount of radiant energy (i e . light with wave- 
lengths between 4000 and about 8000 millimicrons) It is some 3000 
times more sensitive than a rapid photographic film A single rod it 
has been calculated, will give a response when the smallest possible 
quantity of light (green) energy falls upon it Dr Pirenne has csti 
mated that the energy liberated when a pm drops to the ground from a 
height of 1 inch, if converted to light energy, would be sufficient to give 
a faint visual sensation to every man who had ever lived' The rods are 
not equally sensitive to light of all wavelengths, they are most sensitive 
to light green rays (wavelength around 5000 millimicrons) The cones 
show their greatest sensitivity for yellow Sensitivity for both types of 
receptor is much less for the longer (red) and shorter (violet) light 
waves It has already been mentioned that the rods are almost insensi 
tive to deep red 

Those who have had even a very limited experience in photography 
know that, with respect to the scene that we propose to photograph, 
two factors must be taken into account — namely, ( 1 ) the time of ex- 
posure (i e , the interval between the opening and the closure of the 
shutter during which the light enters the camera) and (2) the size of 
the opening or “stop” of the diaphragm It is entirely a question of the 
quantity of light to which the sensitive film is exposed So it is, within 
limits, with^the retina, a light stimulus of a certain intensity and dura 
lion that IS just capable of causing a visual sensation becomes inef 



Fig 13 6 An opto- 
gram The circular 
area with radiating 
vessels is the optic 
disc (blind spot) 
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fective if either its duration or its intensity is reduced. Or a light stimu- 
lus which is just beneath the threshold becomes effective if its duration 
or Its intensity is increased. A similar relationship holds between the 
size of the retinal area that is stimulated and the intensity of the 
li^t. That is to say, a larger object dimly illuminated will be seen, 
whereas a smaller one even though somewhat more brightly illumi- 
nated may be invisible. If the intensity of the smaller object is increased 
so that the total quantity of light energy is equal to that falling upon 
the retina from the larger body, it then arouses a visual sensation. 

The reciprocal relationship between duration and light intensity 

OUHaTIOW 

eoaol OM oa 4i 

Rg. 13 7 Showing the re- 
ciprocal relationship tietwecn 
the intensity and duration ot 
a visual stimulus Records 
arc from a single isolated 6- 
her of the optic nerve. (Aft- 
er Hartlioe and Graham.) 




tii I 'i 

has been beautifully shown by Dr. Harthne and his associates. A flash 
of light of varying duration and intensity was thrown into the eye of 
the king crab, and the impulse frequency recorded from a single optic 
nerve fiber (see p 475) It will he observed in Figure 13.7 that the 
irequency o! the impulses (intensity of response) is the same s\hen 
the product of the duration and the intensity of the stimulus (dura- 
tion X intensity) are equal, though one or other factor was varied. 

Visual acuity. The ability of the eye to determine the precise shape 
and detail of any object, or to recognize the separateness of two small 
objects placed close together, is referred (o as the visual acuity. It is 
exhibited in the highest degree by the fovea centralis which, in the hu- 
man retina, is composed entirely of cones. It is seriously reduced by 
refractive errors (myopia, etc., p. 611). As a test for visual acuity in 
the diagnosis of refractive defects of the eyes and to aid in their cor- 
rection by means of glasses, the oculist most usually employs Snellens 
test type (Fig. 13.8). These consist of heavy block letters printed in 
black upon a white ground. The letters are of graded sizes, arranged in 
nine horizontal tows, the largest letters in the top row, the smallest 
in the lowermost. 

The subject is seated 6 meters (approximately 20 feet) from the 
letters and asked to read the rows of type down to the smallest which 
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it is possible for him to distinguish. The visual 
acuity is expressed as a fraction, the numerator of 
which is the distance in meters at which the subject 
can read a given line of letters, and the denomina- 
tor is the distance at which a person with normal 
average vision can read the same line. For exam- 
ple, a person with normal vision can read the sev- 
enth line at 6- meters; if the examinee can read this 
line, his vision is f, or normal. If, on the other 
hand, he can read only the third row which can be 
read by a person with normal vision at 24 meters, 
then his vision is only or ^ normal. 

The examiner, in testing for defective vision in 
this manner, fits removable lenses (tna! lenses) be- 
fore the subject’s eyes while he reads. By using 
trial lenses of different kinds and power, and not- 
ing the improvement or lack of it m the patient’s 
sight each time, the examiner is able to determine 
the type and degree of the refractive error that 
exists (pp. 610-1 1). He then prescribes the appropriate convex, con- 
cave, or other form of spectacle lens required to correct the defect. 

Optical action currents: The elecfrorctlnogram. When the retina is 
stimulated by a beam of light thrown into the eye, action currents ate 
set up which can be recorded by a galvanometer. The current is led off 
to the galvanometer by means of electrodes, one placed upon the 
cornea of the eye in its usual forward-looking position, and the other 
on any moist surface of the body. A record of such changes m electrical 
potential is shown in Figure 13.9. It is called the electroretinogram. 
Four waves are to be seen; they are designated a, b, c, and d. The wave 
a is a negative wave — i e., below the base line; the others are positive. 
The waves a, b, and c are inscribed when the light is flashed into the 
eye; d occurs when the light is cut off. 

Action currents can also be demonstrated in the optic nerve when 
the retina is stimulated by 
light. A discharge of im- 
pulses then occurs which in- 
creases in frequency with the 
intensity of the illumination, 
but no change occurs in the 
amplitude of the waves, no 
matter how intense the light 



Rg. 13^ The etectroretinogram. Waves a, 
b, and c occur when a light is Sashed Into 
^c; d occurs when the light is turned 
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stimulus may be. The relationship bctv.een frequency of the impulses 
and the intensity of the stimulus, which we have seen to be a character* 
istic of other kinds of nerve, has been demonstrated in a single nerve 
fibers separated by dissection from the other fibers of the optic nerve 
(see Fig. 13.7, p. 584). 

Tlie visual Odds. The part of the outside world seen by one eye at 
any moment is called the visual field of that eye. In man, the ape, and 
other species whose eyes are placed m the front of the head, the visual 
fields of the two eyes overlap in other words, a large part of the out- 
side world wiihm the range of vision is seen by both eyes at the same 
time This type of vision is called binocular. In the rabbit, horse, and 
other animals with eyes placed laterally m the head, the visual fields 
overlap to a very small extent; in these, vision is almost entirely 
monocular. 

In those species possessing binocular vision, light rays from the 
outer or temporal half and from the inner or nasal half of either visual 
field fall upon the nasal half and temporal half, respectively, of the cor- 
responding retina (see PI I3A). Now, the optic nerves come together 
a short distance behind the eyeballs to form the optic chiasma. Here, 
the fibers which have originated in the nasal half of one retina cross 
with those coming from the nasal half of the other — that is, fibers 
from the nasal half of the right retina cross to the left side of the brain, 
those from the nasal half of the left retina to the right side of the btain^ 
Fibers from the temporal halves of the retinas continue uncrossed 
Thus, the visual pathway, on each side, from the optic chiasma to the 
cortex of the occipital lobe (visual cenler) transmits impulses from 
the nasal half of one retina and the temporal half of the other. Owing 
to this peculiar course taken by the visual fibers, the loss of sight fol- 
lowing injury or disease of one optic nerve differs from that resulting 
from a lesion of the fibers anywhere between the chiasma and the oc- 
cipital cortex, or of the visual center itself If the function of one retina 
or of one optic nerve is destroyed, complete blindness of the corre- 
sponding eye results, but the sight of the other eye is unaffected. Inter- 
ruption of the fibers in Iheir course from the chiasma to the visual area 
(optic tract), or a lesion of the visual area itself, causes blindness in one 
half of each retina. For example, if the inj'ury involves the left optic 
tract or left visual cortex, blindness of the nasal (left) half of the right 
retina and of the temporal (left) half of the left retina (opposite halves 
of the visual field) results Blindness in one half of each eye is called ^ 
hemianopia (half blindness). The nasal half of one retina and the 
temporal half of the other arc called homonomotts halves. The type of 
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blindness just described is therefore called liomonomous hemianopla ^ 
Rarer types of hemianopia result from bilateral involvement of the 
temporal fibers alone at the chiasma or of the nasal fibers alone, these 
types are given the qualifying terms of bmasal and bitemporal respec 
lively (the designations bmasal and bitemporal refer to the visual fields 
not to the retinas) 

'^The shape and extent of the visual fields in man can be mapped out 
by means of an instrument known as a perimeter which is shown in 

Fig 13 10 The perimeter This 
IS an instrument usedLfor mapping 
the visual fields It consists of a 
metal band curved m a large arc 
of a circle near the center of 
which IS a rest for the subject s 
cbm The metal arc carries a 
small object which can be moved 
to or away from the center The 
arc Itself can be rotated into any 
pos non (meridian) it is rotated 
into different meridians in succes 
Sion and at each new position 
the lest object is moved slowly 
from a peripheral point beyond 
the subject $ field of vision toward 
the center The examinee indicates 
the moment that he sees the ob 
ject ( out of the comer of his 
eye as it were) The points in 
each meridian so detennmed are 
marlced upon the chart shown on the loslniment and m detail in Figure 13 II 
c chin rest e position of subject s eye 

Figure 13 10 A chart or map of the visual field of one eye is given 
m Figure 13 1 1 The instrument is often of great value in the diagnosis 
of diseases of tbe selma or of the vtsual pathways 

From the optic chiasma the visual fibers — that is the axons of the 
ganglion cells from the nasal half of one retina and the temporal half 
of the other — proceed on each side of the brain to a collection of nerve 
cells in the midbrain These latter form on each side a small eminence 
known as the lateral geniculate body The optic fibers from the chiasma 
to the lateral geniculate body arc known as the optic /rac/,^Tfie fibers 
of the latter terminate by forming synapses with the cells of the lateral^' 
geniculate bodies which arc therefore primary \uual ccnferj/ln 
lower animals but not m man visual perception is possible to a van 
able degree through these centers alone— that is, after the occipital 
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cortex has been destroyed. The 
axons of the cells of the lateral 
geniculate bodies relay the vis- 
ual impulses through the inter-^ 
nal capsule (p, 539) to the 
highest visual center situated in 
the cortex of the occipital lobe, 
of the cerebrum, liie nerve 
fibers from the lateral genicu- 
late body on each side to the 
corresponding occipital cortex 
are called the optic radiation. 
A nerve impulse set up by stim- 
Fig 13.11 Chart of Ihe normal matial toccplors in 

field of the right eye Note the reetncuon the retina, therefore, travels 
of the visual field on three sides, caused ©ver three neurons to reach the 
by tha nose, brow, and cheat 

The first of these has its cell body in the inner nuclear layer of the 
retina; the second is the ganglion cell of the retina; and the third is a 
nerve cell in the midbrain (Fig 13 12). 

Identical or corresponding retinal points. Objects in the binocular 
field of vision must, obviously, cast an image on each retina. Yet the 
two retinal images do not cause a double sensation; we do not see 
things in duplicate. The explanation for this fact is based upon the 
theory of identical or corresponding retinal points. Points in the nasal 
half of one retina are paired with corresponding points in the temporal 
half of the other. The ocular muscles direct the axes of the eyes so 
that an image falls upon each of these corresponding points. As men- 
tioned above, the optic fibers from the homonomous halves of the reti- 
nas proceed to one side of the brain, the left halves (nasal of right eye 
and temporal of left) to the left visual area, the right halves (nasal of 
left eye and tecaporal of eight) to the eight visual aceau The two images 
arc fused in consciousness into a single sensation. If, for any reason, 
the eyes are not directed in such a way that the two images fall on 
corresponding retinal points, double vision— diplopia — results. Di- 
plopia as a permanent condition occurs most commonly as a result of 
paralysis or weakness of the ocular muscles. It is seen as a temporary 
state in alcoholic Intoxication, being then due to imperfect control and, 
in consequence, to unbalanced action of the muscles of the two eyes 
One can cause double vision in oneself by simply pressing upon the 
outer side of one eye, and thus displacing the eyeball slightly from its 
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CORTEX OF OCCIPITAL 



Rg 13.12 Diagram oi the visual pathway. 


nonnal position. Two images are also seen if an object, such as a pen- 
cil, is held about 3 inches in front of the root of the nose, or if the pen- 
cil is held at arm's length, and the eyes then directed to look at a point 
some distance beyond it. In the first instance mentioned, it is not pos- 
sible to converge the eyes suSicieotly to bring the two images on to 
corresponding points on the retinas; m the second instance, images of 
the near object fall upon noncorresponding points of the retina, be- 
cause the convergence of the eyes when looldng at distant objects is 
less than that required for near vision. 

Elementary optical principles. A ray of light passing from one trans- 
parent medium, such as air, into another, such as water, is bent. That 
is the reason that an upright object, such as a log standing in water, 
gives the illusion of being broken where the air and water meet. This 
bending or deflection of the rays of 
light is called refraction. Similarly, 
light rays passing through a glass 
prism (Figs. 13.13 and 13.14) are 
bent toward its base. A glass lens hav- 
ing both its surfaces convex, such as 
the ciystalline lens, acts, in respect to 
the refraction of light, as though it 
were composed of two prisms placed 
base to base. Therefore, the rays of ‘3-13 Showing the ^ndiag 
, „ , , ^ of light rays by a pnsm. Parallel 

hght reflected from any object must, jays, continuous lines; diverging 
after passing through such a lens, rays, interrupted lines. 
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Tig 13 14 The bending of 
parallel rays of light by a bl* 
convex lens and bringing them 
into focus 


meet at a point (focus) on the other side Light rays from every point 
in an object are thus brouahl to a focus, an image of each being 
formed If the lens does not bring the rays to a point, circles or haloes 
of light are formed instead of sharp points The entire image of the ob- 
ject normally constituted of innumerable images of bright points is 
blurred accordingly The failure of a sharp focus to be obtained may be 
due to the surface upon which the unage is cast intercepting the light 
rays, either before they have come to their meeting point or after they 
have met and crossed as shown in Figure 13 15 

Light rays coming from infinity, or for practical purposes from any 
distance over 20 feet are parallel, whereas those re/lected from a near 
object are divergent — that is, they radiate from every point m the ob- 
ject (see Fig 13 16) In order, then to bend the rays from a near ob 
ject so that they will meet — i e , be focused — at the same distance be 
hind the lens as will parallel rays, the lens must be able to bend the rays 
more acutely in the former instance than in the latter, in other w^ords, 
Its refracting power must be greater The refracting power of a convex 
lens increases with the degree of its convexity 

A concave or a biconcave lens (» e , one with two concave surfaces) 
acts like two prisms placed apex to apex (Fig 13 17) and since the 
rays are bent toward the bases of the prisms, such a lens diverges or 
spreads the rays of light 

A line drawn horizontally through the center of a tens is called its 



Hg 13 15 Showing rays focused S and intercepted at S’ and S’ 



THE PHYSIOLOGY OP VISION JPI 


Fjg 13 16 Showing 
parallel rays of light (A) 
from a distant object be 
ing brought to a focus by 
a biconvex lens, and di- 
verging rays (B) from a 
near object being focused 
at the same distance be- 
hind the lens In the lat- 
ter instance, however, 
the lens bends the rays 
more strongly This it is 
able to do because it is 
more convex 



principal axis, and any line drawn diagonally through the center is 
called a secondary axis Rays of ftght pasrsing through the pnncipal 
axis or any secondary axis arc not refracted 

The crystalline lens. The crystalline lens is a transparent biconvex 
disc, about Jinch in diameter, situated wiihm the globe of the eye im- 
mediately behind the iris It ts enclosed in a thin membrane called the 
capsule The central part of the lens lies a httle distance behind the 
pupil It IS suspended in this position by a delicate annular ligament — 
the suspensory hgameni — which blends with the lens capsule, and is 
attached circumferentially to the intenor of the globe through the 
ciUary body The latter also connects the iris with the choroid, and con 
sists of involuntary muscle fibers and a number of processes — the c/h- 
ary processes The latter — about 70 m number — are arranged in the 
form of a circle to which the suspensory ligament is attached (see Fig 


13 18) The iris and ciliary body divide 
the part of the eyeball m from of the lens 
into an anterior and a posterior chamber 

(Fig 13 1, p 575) Both chambers arc 

filled with a clear limpid fluid called the 

aqueous humor, a gelatinous transpar- | - 

ent substance called the vitreous body 1 \ 

fills that part of the eyeball lying behind 

the lens / 

Though the healthy crystalline lens is 
perfectly transparent, m the condition „ ,, , 

known as camact (p 615) it becomes diverged bf 

semitransparent or opaque, causing concave leos 


blindness in the affected eye 
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Fig 13 18 The e)e 
ball from m front, cor- 
nea and ins removed 

1, suspensory ligament 

2, lens, 3, choroid, 4 
Ins cut edge 5, cdiaiy 
processes (black) (Re 
drawn and modified 
from Schultzc ) 


Tlie retraction of light rajs by the eye— the formnlion of on image 
upon the retina. There is a veiy close resemblance between the eye and 
a camera In both, the rays of light arc refracted (bent) and brought 
to a focus upon a light sensitive surface— the photographic film and 
the retina respectively The refracting medium in the camera is, of 
course, the lens In the eye, light rays are not only refracted by the 
crystalline lens, but by the cornea as well and, to a slight degree, by 
the aqueous humor and vitreous body The image of an object falls 
upon the photographic film in an inverted position and reversed from 
side to side, the retinal image is similarly mverted and transposed Yet, 
we do not see objects upside down, because experience has taught us to 
messages m accordance with reality (See Fig 
, ower sketch ) In consciousness, the image is again mverted, 


Fig 13 19 Upper drawing 
the formalion of an Inverts 
image upon the retina Below, 
diagram showing the forma 
tion of an image by a convex 
lens 1 , pnncipal axis 2 sec- 
ondary axes 3, optical center 
of lens 4 pnncipal focus, S 
screen Note that rays passing 
through the principal and sec 
ondary axes are not refracted. 
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and reversed from side to side, so that it appears to us in its true posi- 
tion. We have come to know by experience (i.e., previous information 
received through other senses, especially of touch and hearing) that 
stimulation of the upper or the lower part of the retina, or of one side, 
is caused by light reflected from an object situated, respectively, in the 
lower, upper, or other side of the visual field. We are scarcely con- 
scious even that the retina has been stimulated in the way that we feel 
and localize a touch upon the skin. We “see” the object at a distance 
and in a position the reverse of that which the image of the object oc- 
cupies upon the retina. In a word, the object’s image is projected in 
consciousness to its true position in space — i e., in the visual field. 

In Figure 13.19 (uppier sketch) are shown the paths taken by rays 
of light coming from an object ( represented by the large arrow ) placed 
a little in front of a biconvex lens. The diverging rays are refracted by 
the lens, and brought to a focus on the screen S, which may be taken 
to represent the retina. Rays from each point o'* the object are brought 
to a point upon the screen, but in a reversed position, those from the 
upper part of the object being directed to the lower part of the screen 
and vice versa (only rays emitted from points at the head and tail of 
the arrow are shown). Similarly, those from the lateral halves of the 
object pass to opposite sides of the screen. Thus, a small and inverted 
image of the object is formed. One should note (Fig. 13.16) that the 
periphery of a lens refracts more strongly than parts more centrally 
placed, and that rays of light passing through either the principal axis 
or the secondary axes are not refracted. In the lower sketch in Figure 
13.19, the formation of an image upon the retina is illustrated. 

The retinal image can be observed in the excised eye of an albino 
rabbit. When the eye is directed toward a lighted candle and viewed 
from behind, an inverted image of the flame is seen shining through the 
unpigmented wall of the globe. This observation was first made by 
Christopher Scheiner in 1619. It is worth remembering that the image 
formed upon the retina is minute; the image of the smallest visible ob- 
ject is little more than la.igo tseb (0.0025 mm) in diameter 

Accommodation of the eye. We have seen that rays of light coming 
from a distant object are approximately parallel; those from a near ob- 
ject are divergent. Therefore, wth a convex lens of a given refracting * 
power, rays from a near object cannot be focused at as short a distance 
behind the lens as can those coming from a distance (see Fig. 13.16, 
p. 591), which means that near and far objects cannot be focused 
upon the retina at the same moment. In order to turn the eyes from a 
far scene and focus them on a near one, either a stronger lens (that is, 
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one with a greater convexity) must be used, or the distance between 
the screen and the lens must be increased 
The latter means is employed in photography In order to take a 
photograph of a view less than 12 feet or so from the camera, the lens 
must be moved forv-ard so as to increase the distance between it and 
the film Though the ejes of certain species of fish have a mechanism 
for accommodating the eye to near vision based upon this principle, m 
man and the higher animals the first mentioned method is adopted, the 



fig 13 20 Illuslratms the mechanism of accommodatioo of ihe eye 
for near vision The horizontally shaded lens and the unshaded Ira show 
the position of the parts when at rest the vertically shaded Jens and ins 
show the position during accommodation for a near point C, ciliary 
muscle SL suspensory ligament (Redrawn from LandoU) 

crystalline lens can alter Us refracting power in order that cilber a far 
or j near object can be distinctly seen When the eyes are directed to a 
distant view, the crystalline lens is least convex, being flatter, its re- 
fracting power IS at the minimum But when the observed object is 
within about 20 feel from the eyes, the convexity of the lens increases 
in order to bring the divergent rays from the near object to a sharp 
focus upon the retina These together with the other adjustments made 
by the eyes m order to see either near or far objects clearly are termed 
ocular accommodation 

The far and near points of the eyes The farthest point from the eyes 
at which objects can be focused upon the retina and, therefore, seen 
distinctly is called the far point of vision (pimctum remotum) The far 
point IS at infinity, for the visibihiy of a distant object is limited only by 
Its size, the clearness of the atmosphere, and the curvature of the earth, 
for practical purposes it is taken as any distance beyond 20 feet, at 
this distance the lens is, as just mentioned, at its least curvature The 
shortest distance from the eyes at which an object can be seen dearly 
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IS called the near point (piwctum proximum), it lengthens from in 
fancy to old age, m accordance with the gradual diminution in the 
elasticity of the lens, being between 7 and 9 cm for the former age and 
40 cm for the latter (see Presbyopia, p 610) For the normal eye of 
the >oung adult, the near point is about midway between these two 
extremes — namely 25 cm approximately At any distance between 
the eyes and the near point an object forms a blurred image upon the 
retina because the lens is unable to increase its refracting power (con 
\cxity) any further The reader can verify this for himself by bringing 
the tip of a pencil close to his eyes 

The mechanism of accommodation The increase in the convexity 
of the lens and, therefore in its refracting power are brought about b) 



Fig 13 2i Illustration by means of a mechanical model of the man 
ncr in which the lens becomes more coovex when the eye iccommo 
dales for near vision right half of figure The springs S and S repre 
sent the elastic choroid and the radiating lines the suspensor) lignment 

the inherent tendency of the lens to assume a more convex shape when 
the restraint offered by the suspensory ligament is released (see Figs 
13 20 and 13 21) The suspensory ligament (which as already stated 
extends outward from the capsule of the lens to be attached to the cili 
ary processes and through these and the ciliary muscle to the inner 
coat of the eye) is taut when the eyes look into the distance The ten 
sjojj thus exerted upon the Jens reduces its curvature When the eye ac 
commodates for near vision the ciliary muscle contracts and draws the 
choroid forward, the ciliary processes are brought closer to the lens — 
1 e , they form a smaller circle The suspensory ligament is slackened 
thereby and the tension on the lens diminished The lens by virtue of 
Its inherent elasticity bulges forward (Figs 13 20 and 13 21) The 
convexity of the central part of the anterior surface is increased to a 
much greater extent than the more peripheral part of the lens Little 
change m the curvature of the posterior surface occurs 
Schemers experiment That the crystalline lens alters Us refractive 
power when the eyes are turned from a distant scene td look at an ob 
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ject nearer to the ejes was first deduced by Christopher Schemer 
(1579-1650), a German priest and scientist, from the following ex 
penment 

A card is pierced by two pinholes about 2 mm apart horizontally 
(Fig 13 22) , a needle, N, is held in front of the card, C, while a con 
vex lens placed behind il throws a dear image of the needle on the 
screen S at n (upper cut. Fig 13 22) If the screen is moved forward 
(5')t it intercepts the rays from the needle before they have come to a 
focus, two blurred images are formed at n' and n' If the screen is 


C S' S S" 



Fig 13 22 C. petforaled C9rd, L, lens (ExplanaUoa lo the test ) 

moved to a position behind the original one (5"). it is now in the path 
of the rays after they have crossed at the focus n two blurred images 
are formed at n", n' But if we had a senes of lenses graded in refract 
mg power, the image of the needle could be focused on the screen 
placed at varying distances 

Ihe lower cut of Figure 13 22 depicts the pierced card held at a 
distance of about 5 inches m front of one eye The other eye is closed 
The pinholes should be separated by a horizontal distance a little l«s 
than the diameter of the pupil When the subject loolcs at an object, 0, 
at some distance beyond the needle, N, two blurred images of the 
needle are cast upon the retma (dotted lines), because the rays, as 
at n' and n' above, have not been refracted sufficiently If the subject 
now looks directly at the needle, the two images fuse into a single clear 
one Since we know that in the latter instance the retina cannot have 
moved back to the point of focus it must be concluded that the crys 
tallmc lens has increased us refracting power 

Piwktnje'Sanson imager The change in the form of the lens during 
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accommodation for near vision can be demonstrated by another simple 
experiment. If one looks into another’s eye in a dark room while a 
lighted candle is held a little in front and to its outer side, one sees 
three reflected images of the flame (Fig. 1 3 .23 ). Of these, one is bright 
and upright; it shines from the surface of the cornea which acts as a 
convex mirror. A larger but dim upright image is formed by the an- 
terior convex surface of the lens. The third image is inverted, bright 
and smaller than the others; it is fonned by the posterior surface 
of the lens which acts as a concave mirror. If the positions of the 
images are noted while the subject gazes at a distant point, and he then 


Fig. 13 23 Purkinje-San- 
soQ images A, dunng far 
vision; B, dunng accommo- 
dation for near vision (Re- 
drawn and modified from 
Williams ) 


accommodates for near vision, the image reflected from the anterior 
surface of the lens will be observed to become smaller, and to move 
toward that reflected from the cornea which, of course, docs not alter 
in size or position. As a rule, no change can be observed m the reflec- 
tion from the posterior surface of the lens. The change in the position 
and size of the image on the anterior surface during accommodation 
can only mean that this surface becomes more convex. 

The other adjustments for near vision are convergence of the eyes, 
j which is necessary in order to bring the retinal images on to cone- 
sponding points (p. 588), and constriction of the pupil. The narrowing 
of the pupil permits light to pass only through &e more central part 
of the lens which, as just mentioned, is increased in its convexity to 
the greatest degree during accommodation. 

The appreciation of distance and depth — stereoscopic vision (Gk. 
stereos, solid + skopeo, I view). Our visual judgment of solidity — ^that 
is, our recognition that an object has depth as well as height and 
width — is due largely to the fact that the two retinal images are slightly 
dissimilar. If the reader will look at some object in front of him, first 
closing one eye and then the other, he will find that the view seen by 
\he right eye is slightly difierent Irom titat seen by the left. The right 
eye is able to see more of the right side of the object, the left eye more 
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of the left side (Fig 13 24) The two slightly dissimilar images are 
fused in the brain, yet the composite image has, hidden within it, some 
thing of each separate one, upon this the stereoscopic elfect largely 
depends The fusion of the dissimilar images by the brain, and the iiti 
pression of depth and solidity produced thereby, lies in a field of psi 
chology of which little is known 

The instrument known as a stereoscope produces an illusion of 
solidity by making use of the principle of simultaneous stimulation of 
corresponding retinal points by slightly dissimilar images A photo 
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Fig 13 24 Showing two 
views of the intenor of a 
long room or corneJor 
(tipper /iqure) View A 
shows more of the nghi 
hand wall than does view 
B The former A would 
he seen by the left eye of 
a person looking into such 
a room and B by his right 
eve The fusion of the two 
similar hut not identical 
images gives a vtsuil sen 
sation of depth In the 
/ower figures two views of 
a block are shown A in 
which more of the riehf 


shown than m B would he the view seen by the right eye 
B would be the image of the block formed by the left eye Fusing of the images 
m the two eyes is an important factor in our perception of the solidity or three 
dimensional nature of such an object 

If the reader will place one edge of a card about 5 inches wide vertically be 
tween the two sets of figures with the opposite edge of the card touching hs 
nose and then gaze steadily with accommodation relaxed until the figures cf 
each pair fuse into one a visual sensation of depth (upper pair of figures) and 
of solidity (lower pair) will be experienced *^ »'*' *' 

graph taken with an ordinary camera appeays flat because identical 
images are formed upon the retinas A stereoscopic photograph on the 
other hand, is taken by a camera provided with two lenses which are 
^et hke the eyes a short distance apart Thus two slightly dissimilar 
views arc taken, which when looked at through the stereoscope arc 
projected by means of prisms, one to each eye, so as to fall on corre 
spending retinal points 

Stereoscopic perception cannot howeser be explained entirely upon 
the basti of dissimilar retinal images, for the sensation of depth (or 
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distance) is not abolished when one eye is closed; other factors are 
concerned. These are: 

1. The apparent size of various objects in our field of vision. We 
know from experience the approximate size of the objects which we 
see, but the image which an object casts upon the fovea diminishes as 
its distance increases. For example, a church steeple at a distance casts 
an image upon the retina no larger, perhaps smaller, than does a pen- 
cil held a few inches from the eyes. We know the relative sizes of the 
two objects and, therefore, infer that the steeple must be far away and 
the pencil near. 

2. The apparent change in color of an object with distance. The 
atmosphere is not perfectly transparent or equally so for all wave- 
lengths. Tree-clad hills, which we know to be green, appear blue in the 
distance; the colors of many other objects appear to fade with distance, 
their detail and outline being dimmed by haze. 

3. The blocking out of parts of a distant view by objects between it 
and the eyes gives a sensation of depth 

4. Mathematical perspective. Straight lines running into the dis- 
tance which are actually parallel (or objects along imaginary straight 
lines) are convergent in the retinal image. When we look down a rail- 
way track, for example, the rails appear to converge toward some 
point beyond the horizon. This arrangement of lines in the image 
formed upon the retina we have come to associate with distance. Per- 
spective is an elementary principle in drawing, used to create an illu- 
sion of depth or distance. The artist draws objects along imaginary 
lines which run toward a point in the background of his picture. 

5. Parallax. When one moves in any direction, near objects appear 
to move in the opposite direction, those in the background in the same 
direction as ourselves. This apparent movement of near objects in re- 
lation to ones farther away is called parallax; it is also produced by a 
movement of the head or eyes, even though the body remains station- 
ary. Now, involuntary movements of the eyes are continually taking 
place with the production of parallax; this is believed to be one of the 
most important factors in giving us a sense of depth. 

6- The distribution of light and shade over the surface of an object 
and the shadow which it casts upon its surroundings are also important 
elements in the production of the stereoscopic effect. 

Color vision. White light is in reality a combination of colored lights 
— red, orange, yellow, green, blue, and violet — which can be separated 
by means of a glass prism. The series of colored lights so produced is 
called the (visible) spectrum (see PI. 13B). The wavelengths of the 
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lights of the visible spectrum run from 8000 millimicrons for dark ted 
to around 3000 for violet. Rays somewhat longer than the red are 
called infrared or heat waves; those shorter than the violet are called 


ultraviolet; neither, of course, gives a sensation of light. The prism re- 
fracts the long red rays less than it does the orange, the orange less 
than the yellow, the yellow less than the green and, so on, in the order 
of dimraishi'ng wavelengths. A beam of whhe light is thus split into its 
constituent colors The separated colors can be recombined to produce 
white. But, in order to obtain a sensation of white li^t, it is not neces- 
sary to employ all the prismatic colors; not only white, but all colors 
can be produced from three — namely, red, green, and violet. These are 
called the primary colors. If we were to set up three lanterns, one of 
which emitted red light, another green, and a third violet, we could, by 
blending one, two, or all three of them upon a screen, produce white 
or any colored light we chose For example, the three colors in aearly 
equal proportions would produce white; green and violet would give 
blue; red and green and a very httle violet would give yellow or orange. 

Several theories of color vision have been proposed. According to 
Young’s theory, which is very widely accepted, three kinds of cones 
exist in the retina, each type containing a substance sensitive to light 
of a different color One kind is stimulated by red rays, one by green, 
and another by violet; white light falling upon the retina stimulalw 
all three nearly equally When a yellow color is seen, the sensation is 
due to the stimulation of equal numbers of the red and green, and a 
very few of the violet elements; if violet and green sensitive cones arc 
stimulated, a sensation of blue results; and when the red, green, or 
violet type of receptor is excited exclusively, we see red, green, or vio- 


let, respectively. See Plate 14A 

The qualities oj color. There are three qualities of color— 
.saturation or intensity, and tone or brilliance. Hue is detennined en- 
tirely by the wavelength of the light, thus red differs from green or blue 
because its wavelength is greater. Saturation or intensity, also called 
purity, depends upon the proportion of white mixed with the color- 
pink has a lower saturation than red Tone or brilliance, also referred 
to as value by artists, vanes with the proportion of black mixed with 
the color. A vivid scarlet pigment, for example, can be reduced to a 


deep cherry by the addition of black. 

Retinal areas sensitive to color. The extreme peripheral part^ of the 
retina devoid of cones is insensitive to color. It gives impressions of 
vvhite, black, and gray only. Color perception is confined to the more 
central retinal regions where cones are present exclusively, as in the 
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fovea centralis, and in the extrafoveal regions where these receptors 
are mingled more or less plentifully among the rods. Nor is sensitivity 
to the different colors uniformly distributed over the retina. The area 
sensitive to blue is the largest, that sensitive to red is next in order of 
size; then comes the margin of a much smaller area sensitive to yellow. 
This latter area is little larger than the area sensitive to green which 
is the least extensive of all. The four areas may be compared to four 
transparent saucers, respectively colored and graded in size, placed one 
inside the other. Light passing through the small green saucer must 
pass through all the others as well; the area of the retina which it repre- 
sents is, therefore, sensitive to alt four colors. Light transmitted 
through the outer part of the yellow saucer will also pass through the 
red and blue, but not through the green saucer; the corresponding 
area is, therefore, sensitive to yellow, red, and blue, but not to green. 
The outer part of the red area is sensitive to red and blue; the outer part 
of the blue saucer transmits only blue light and the ran of the area 
which it represents is sensitive only to blue. 

The color areas of the retina can be mapped out by means of the 
perimeter shown and described on page 587. Small paper discs col- 
ored, respectively, blue, red, yellow, and green are used instead of the 
white test object employed in mapping the visual fields. Normally, 
the blue disc will be seen at the greatest distance from the center of 
the visual field; at a somewhat shorter distance the red disc will ap- 
pear, then the yellow, and finally the green (see PI. 14B). 

Color blindness. In some persons the retina is totally insensitive to 
color; to such their surroundings are seen in black and white and vari- 
ous tones of gray. Such a condition, called achromatism, is very rare. 
In the common type of color blindness, the subjects are blind to red 
or to green On the basis of the Young-Helmholtz theory of color vi- 
sion, it may be presumed that one of the three color substances present 
in the retinas of persons of normal vision is absent from the retinas of 
the red or green blind, the red substance being lacking in the former 
abnormality, the green substance in the latter. The subjects of these 
visual defects match any color with only two primary color sensations, 
green and violet, or red and violet, instead of the three possessed by 
persons of normal color vision. Their color vision is therefore called 
dichromatic (Gk. di, two chroma, color) instead of trichromatic 
(Gk. tri, three) which is the normal. Red blindness is also called pro* 
tanopia (Gk. protos, first -f anopia, blindness) and deuteranopic (Gk. 
deuteros, second), which means that the blindness is with respect to 
the first (red) or to the second (green) primary color. John Dalton 
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(1766-1 844) the celebrated chemist who was red blind and gave the 
first scientific description ol protanopia wrote, ‘ Crimson has a veiy 
grave appearance Woolen yam dyed crimson or blue is the same to 
me ” 


Anomalous trichromatism or partial color blindness is the most com 
mon defect of color perception There is not complete blindness for any 
color, but the appreciation of red or of green is below the normal If 
for example, a person with such a defect is asked to match a pure )el 
low light with a combination or mixture of red and green lights he 
uses more of the red light than would a normal person to make a per 
feet match, his perception of red is defective If he uses more green 
his perception of this color is subnormal The defective perception of 
red IS called prolanomaliy, that of green deuieranomally A special in 
strument called an anomaloscope is used for testing these defects It 
was devised by Lord Rayleigh the celebrated English physicist 
Ninety five percent of the subjects who suffer from some fonn of 
defect m color vision are males Most cases are inherited and the in 


hentance is of the sex linked character being transmitted from genera 
tion to generation in a manner similar to that of hemophilia (p 107) 
A color blind person may be quite unaware of his visual abnormal 
ity Though his color sensations are different from normal persons he 
IS usually able to make some distinction in his own way between differ 
ent colors usually by some slight difference in brightness Though 
great care is exercised to testing the color vision of men such as sea 
men and locomotive drivers whose occupations require a normal color 
sense we rarely hear of an automobile dnver disregarding a red traffic 


light because he thought it was green 

Color vision is tested in several ways but the oldest and most usual 
method is by means of colored wool yarns The subject is shown a 
number of yams dyed in colors which are most likely to be confus 
(confusion colors), and is isked to pick from the lot the one that 
matches best another single yarn dyed a rosepmk If he chooses a vio 
let or a blue yam he is red blind If green red, and brown yams ate 
chosen, he is green blind Anomalous trichromatism is tested, as al 


ready described, by means of the anomaloscope 

Contrast effects. It is well known that when black is placed agams 
white or vice versa they “set one another off,” the black looks blacker 
and the white a purer white than if either were placed against a colore 
ground It is also true that blue against a yellow ground (or yellow 
against a blue ground) is more vivid than if placed against any other 
color Also green is enhanced by red and red by green Tliesc phe 


nomena are examples of simultaneous contrast 



THE PHYSIOLOGY OF VISION 603 


The maximum effect of contrast is obtained when complementary 
colors are paired Any pair of colors which when fused as lights, pro 
duce white are said to be complementary to one another Examples of 
complementary color pairs are the following 

Red and greenish blue 
Orange and cyan blue 
Yellow and indigo blue * 

Violet and greenish yellow 
Purple and green 

Not only those listed above but every color and shade of color has 
Its complementary (Fig 13 25) There are consequently, a great 
number of complementary colors and the contrast effect is produced 





Fig 13 25 Conip!em«nlary colors The colors of the spectrum from violet to 
red are marked upon the curve (roughly triangular) Other colors would fall 
upon intermediate points on the curve llie base 1 ne of the figure (from violet 
to red) represents the nonspectral purple Any two points upon the curve joined 
by a straight line drawn through the point marked white ind cate complementary 
colors (After Hall ) 


when the colors of such, a pair arc placed side by side Furthermore 
when a color is laid beside one that is not complementary to it or 
against white each color appears to be tinted slightly with the comple 
mentary color of the other, or the white becomes tinged with the com 
plementary of the color For example blue placed beside green as 

* A distinct on must be drawn here between I ^ts and paints we know that yel 
low end blue pa nts when mixed give green not vdi te The color of a pamt is due to 
Its reflecting certa n wavelengths in wh le I ght and absorbing the remainder Even 
the bluest pa nt is not pure blue it absorbs all li^t but blue and a I ttle green. 
These it reflects A yellow pamt is not pure yellow it reflects a little green with the 
yellow When the two paints are mixed blue I is absorbed by the yellow pamt 
and yellow light by the blue The green raj« of whch a little is reflected by each 
separate pamt arc doubly reflected when the two are m xed 
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sumes a faintly red cast (violet), and yellow against red is tinged 
faintly green. Again, a lemon or other yellow object, placed in a bright 
light, casts a shadow which is tinged with blue — the complementary of 
yellow. The shadow cast by a red object would be tinged with greenish 
blue, and one cast by a purple object with green. These principles are 
applied in art. The artist makes a yellow flood of sunshine more bril- 
liant by painting blue into the shadows which, in turn, are given depth 
and an appearance of reality which they would otherwise lack. 

When one stares for a time at a colored surface in a strong light and 
then directs the gaie to a gray surface the gray appears slightly tinged 
with the color complementary to the one to which the eyes were first 
directed, and objects of the complementary color itself are made more 
vivid. For example, if one looks at a red surface for a time and then 
at a green one, the latter color is intensified — it appears greener. This 
phenomenon is called successive contrast. 

After Images. If one looks at a bright white light for a moment and 
then closes the eyes or turns them upon a dark surface, an Image of the 
light slowly floats into view, becomes more distinct for a time, and then 
gradually fades Similarly, If the eyes are stimulated by a colored light 
or a brightly colored object of any sort, and then darkened, an image 
of the same color appears. These are called posfnVe alter images. If. 
instead of closing the eyes or turning them to a dark surface after 
looking at a white light, the retinas are stimulated a second time and 
diffusely by white— e g , directing the eyes to a sheet of paper — one 
then sees a dark image against a white ground This is called a nega‘ 
live after image. If the first stimulus was colored, then the after image 
is in the complementary color. Negative after images of colored ob- 
jects are the cause of successive contrast described in the last pata- 
graph. . . 

Positive after images arc due apparently to the chcmicophysic 
changes in the receptors o! the retina, caused by and outlasting the 
stimulus Negative after images are thought to be due to a state com- 
parable in certain respects to the refractory period of nerve. Cones 
which have responded to a stimulus will not for a time respond 
Ordinarily, white light stimulates all three types of cone (p- 
negative after image which appears upon applying a circumscribed an 
then a diffuse white stimulus to the retina is, therefore, a dark pate 
against a white background. When the object looked at is colored, an 
the retina is then stimulated by directing the eyes to a white surface, 
the image is in the iromplcraentaiy color, because only those cones 
that had not previously been stimuluated can respond. For example. 



THE PHYSIOLOGY OF VISION 605 


if the object loobed at is red, the red-sensitive 
cones are not excited by a subsequent stimulus 
of white; those sensitive to green and to violet 
alone respond, giving the complementary of red 
— namely, a blubh "green, 

Optic^ illusions. The brain may be deceived 
by imitations of certain effects upon which our 
visual judgments of the size, shape, and distance 
of objects are based. Visual errors of this nature 
are called optical illusions or optical deceptions. 

Some interesting examples are shown in Figures 
13.26 to 13.29. 

Movements of the eyes and eyelids. The eyeballs are turned in their 
sockets by small muscles, attached, on the one band, to the walls of 
the orbital cavi^ and, on the other, to the sclerotic coat at a distance 
of from a third to half an inch behind the circumference of the cornea 
(Fig. 13.30). There are six muscles for each eye, the four recti mus- 
cles (infernal, external, superior, and inferior) and the two obliques 
(superior and inferior). The internal rectus muscle turns the eye in- 
ward — i.e., toward the nose; the external rectus turns it outward. The 
superior rectus turns the eye upward and inward, the inferior rectus 
downward and Inward. The superior oblique rotates the eyeball down- 
ward and outward, the inferior obUque upward and outward (see 
diagram, Fig. 13.31). The eye muscles, especially the obliques, also 
cause a wheel-like rotatory movement. 

The superior oblique muscle is supplied by the trochlear (fourth 
cranial) nerve, and the external rectus by the abducent (sixth cranial) 



Fjg. 13.26 ZoUner’s 
Imes. The long diag- 
onal lines appear to 
converge; actually, 
they are parallel. 


A B 



Fig. 13.27 Illusions of size. A, the vertical lines are of the same 
length; B, the black circles are the same size. 
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Fig 13 28 (Above) lUiuion of 
distance The distance from A to B 
appean to be greater than that 
from B to C, they are the same 


Fig 13 29 (Right) Illusion of 
size The figure of the man is aclu 
ally smaller than that of the child, 
but the effect of distance produced 
by the converging lines causes it to 
appear larger 


nerve, all the other ocular muscles arc supplied by the oculomotor 
(third cranial) nerve 

The muscles of the two eyes act in unison For examplp, the eyes 
are turned to one or other side — conjugate deviation — by the contrac- 
tion of the external rectus of one eye and the internal rectus of the 
other Convergence of the eyes — ic, turning both e)es inward — is 
brought about by the contraction of both internal recti In any move* 
ments of the eyes, the muscles which bring about the opposite move 
ment--i e , the antagonistic muscles— are inhibited Thus the pnn 
ciple of reciprocal inhibition (p 517) applies to the ocular muscles as 
well as to other muscles of (he body 

The visual axis of the eye is represented by a line extending from an 




INFERIOR OBUQUE 


INFERIOR RECTUS 
INTERNAL RECTUS (CUT) 
OPTIC NERVE (CUT) 


Rg 13 30 Showing the eycbaB m its bony socket (orbital cavity) and 
the ocular muscles 
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object in the visual field, through the cornea, a little to the nasal side 
of its center of curvature, to the fovea centralis When the sight is di- 
rected to a far view, the axes of the two eyes are parallel. But during 
accommodation for near vision, when the eyes converge, the axes meet 
at a point m the object at which we look. This is called the fixation 
point. When (as a result of unbalanced action of the ocular muscles) 
the visual axes do not bear the normal relationship to one another, 
they may be converged too acutely (“cross eyes”) or not enough, or 
they may diverge. The condition is known as strabismus or squint. 

Fig 13 31 Diagram of the actions of the 
muscles of one eye (From Fuchs after 
Marquez ) OI, infenor oblique; RS. su- 
penof rectus, R ext , external rectus; R int., 
loteroal rectus. OS, supenor obbque. RI, 
inferior rectus The arrows indicate the 
direction in which each muscle tends to 
move the eyeball It will be noted, how- 
ever. that the actions of some muscles are 
antagonized by those of others. For exam- 
ple, the eye is turned outward by the com- 
bined actions of the external rectus, inferior 
oblique, and supenor oblique. The upward and rotary movement caused by the 
inferior oblique is neutralized by the opposing action of the supenor oblique 

The eyelid is raised by a muscle attached to the upper bony wall of 
the eye socket and inserted into the skin and dense connective tissue 
of the upper lid It consists of a smooth muscle and a voluntary muscle 
component. The former is supplied by sympathetic nerve fibers, the 
latter by a branch of the oculomotor (third cranial) nerve. The mus- 
cle is called the levator palpebrae superions (elevator of the upper 
lid). The lids are closed by a spbincterlike muscle known as the or- 
bicularis oculi. The fibers of thb muscle are arranged in circles and 
sweep around the opening between the lids. It is supplied by branches 
of the facial nerve. 

The structure and functions of the iris. The iris U a circular dia* 
phragm or curtain lying behind the cornea, and in front of the lens. 
The circular opening at its center is called the pupil. The iris around 
its circumference is attached to the ciliaiy body. It is composed of two 
sets of smooth muscle fibers. One set of fibers is arranged circularly; 
this set causes narrowing of the pupil, and is therefore called the 
sphincter or constrictor pupillae. The fibers of the other set run ra- 
dially from the pupillary margin; they dilate the pupil and constitute 
the dilator pupillae muscle (see Fig. 13.32) . 


El«v«tloa 
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to blue (see Fig 13 34) For this reason, a senes of fnnges, colored 
from violet to red from within outward, borders the image formed b) 
a simple cheap lens Thus, if a screen (e g , a white card) were placed 
at the point designated violet in the figure a colored halo would be 
thrown upon it with the violet m the center and red on the outside If 
the screen were at the point indicated by red, the rays having crossed 
the colors would be in reverse order, red m the center and violet out 
side If the black and white circles in Figure 13 35 arc observed at a 
distance of about 1 inch from the eye — nearer the eye than the point 
of clear vision — the white circles will appear in a faintly bluish tint 



Fig. 13 35 Illustrating chromatic aberraiion <See text ) 

Fig 13 36 (Center) Diagram showing the structure of on achromatic JenJ 
I, flint glass 2 crown glass 

Fig 13 37 (Right) Showing the contour of the crystalline lens at different pc 
nods of life From left to right m infancy id eatrly adult life and in old age 

as a result of chromatic aberration, as the defect under discussion is 
called It is corrected in camera and microscope lenses by ccmcntinC 
a biconvex lens of crown glass to a concave block of flint glass (see 
Fig 13 36) Such a lens is called achromatic The Jens of the eye is 
not corrected for chromatic abcnation A red and a violet object at 
the same distance from the eye therefore, cannot both be seen sharply 
at the same time If. for example, the eyes are focused upon a violet 
light, they must accommodate in order to maintain the focus when 
the light IS changed to red In ordinary vision the colors surrounding 
the images on the retina are not perceived largely because we have 
come to Ignore them 

Presbyopia This is a defect of accommodation which develops after 
middle age Distant vision is unimpaired but the lens like other tis 
sues, loses its resilience or elasticity with advancinc years and cannot 
in consequence bring the image of a near object into focus upon the 
retina The subject of presbyopia is, therefore unable to read ordinary 
print without the aid of convex glasses 

The shape of the lens also changes with advancing years, its curva 
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lure being flatter, and its refracting power correspondingly less in mid- 
dle and late adult life than in the young (see Fig. 13.37). 

Defects due to abnormalities in the form of the eyeball. The three 
defects about to be discussed arc due to abnormalities in the conforma- 
tion of the eyeball. The normal or emmetropic eye is nearly spherical, 


Fig 13 38 Illustrating myopia. A; 
emmetropia, B, and hypermetropia, 
C Myopia requires a concave lens 
for Its correction; hypennetropia, a 
convex lens Note that in the three 
types of eye. the light rays are fo- 
cused at the same distance behind 
the lens, m other words, the defects 
are due to abnormalities in the length 
of the eyeball. 


A 


C 



the vertical diameter being only about 0.5 mm shorter than the an- 
teroposterior and transverse (sec Fig. 13,38 B). 

Myopia or shortsightedness. In Ibis defect of the eye, the refracting 
power of the lens is usually the same as in the normal eye, but the an- 
teroposterior diameter of the globe is abnormally long. The image is 
therefore brought to a focus a little in front of the retina. In other 
words, the lens is too strong for the length of the eyeball. The rays 
after coming to a focus disperse again, and a blurred image is formed 
upon the retina, just as when the film of a camera is adjusted at too 
great a distance from the lens. Myopia is corrected by fitting the sub- 
ject with concave lenses which, by diverging the rays before they enter 
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the eye and thus partly offsetting the converging power of the crj-stal 
line lens, bring them to a focus upon the retina (Fig 13 38 A) 

NVhen his defect is not fully corrected, the subject of myopia holds 
any object which he wishes to see clearly very close to his eyes and 
relaxes his accommodation — that is, accommodates for far vision. 
The reason is that rays of light from the near object are more divergent, 




Fig 13 39 Astigmatism Showing that light rays passing through different 
meridians are not brought to the same focus Upper cut the honrontal curva 
lure of the lens is ihe same as the vertical ra^ of light passing through the 
horizontal and vertical diameters (mendians) arc therefore focused to the same 
point Lower the honzontal curvature is greater than the vertical Raji passing 
through the honzontal meridian are focmed at F, and those passing through 
the vertical meridian at F, (See text ) 

he thus to some extent corrects his defect But if he accommodated his 
eyes for near vision the curvature of the crystalline lens would bcm 
creased and his visual disability accentuated 

Hypermetropia or longsightedness This defect is due to the antero- 
posterior diameter of the eyeball being too short Since the refracting 
power of the crystalline Jens is the same as in the normal eye, the raj's 
cannot be converged acutely enough to form a clear image upon the 
retina Hypermetropia is corrected by means of convex lenses which 
converge die rays before they enter the eye, thus aiding the crystallme 
lens (Fig J3 38 C) 

/Istigmafism This is probably the commonest of all defects of 
the eye In astigmatism, as the name itself implies (Gh a not + 
jftgma a point), rays of light are not brought to sharp points upon 
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the retina, but form, instead, short lines. The defect is present in all 
eyes to a certain degree, and it is only when well marked that it can be 
considered abnormal. The stars, for example, which should appear to 
us as small dots of light, seem to radiate short lines of light. For the 
same reason, a light shining through the dark appears to emit radiating 
beams. 

It must be remembered that rays of light pass through all meridians 
of a lens; in converging to a focus they, therefore, form a cone of light, 
not simply a fiat, peimantlike beam. If, as in the normal eye, all me- 
ridians of the lens have approximately the same curvature, then rays 
in all planes are refracted to almost the same degree and come to 
a focus together. If the curvatures differ, the rays transmitted through 
a meridian with the greater curvature will be refracted more strongly 
and brought to a focus in front of rays passing through other meridi- 
ans. For example, should the vertical meridian be more curved than 
the horizontal, then, when the rays passing through the vertical me- 
ridian are in focus, those in the honzontai will form, not a point, but 
a horizontal line (see Fig. 13.39). Such inequalities of curvature in 
the meridians of the cornea or, less commonly, of the crystalline lens, 
are the cause of astigmatism. The greater curvature may be in either 


Fig 13 40 Chart used in testing 
for astigmatism In the astigmatic 
eye, the image of the hnes in one 
or more meridians is blurred (not 
in focus). 



a vertical, horizontal, or a diagonal meridian. When the subject of 
astigmatism looks at a card on which is printed a figure like the dial 
of a clock (Fig. 13.40), the vertical lines may be clearly seen, while 
the horizontal are blurred, or vice versa. Again, the diagonal lines may 
be out of focus while the horizontal and vertical ones are clearly 
defined. 

Astigmatism is corrected by the use of spectacle lenses, convex in 
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the mendian corresponding to that of the cornea (or crystalline lens) 
having the lesser curvature Thus, if the curvature of the cornea is 
greater in the vertical meridian the subject is fitted with a cylindncal 
lens having its convexity in the honzontal meridian 

Opacities in the vitreous body Minute opacities or semiopaquc 
bodi'*s are present m the vitreous body of the best of eyes Though 
they cause no inconvenience and wc are usually unaware of them they 
can be demonstrated by anyone in his own eyes They appear when 
the eyes are closed and one concentrates his attention as he gazes 
against closed hds or without closing the eyes looks at a clear sky or 
some blank surface They are called m/«coe vo/i/on/w (L flying flies) 
They are seen to move either upward or downward when the eyes arc 
moved but when one attempts to focus upon them they appear to fly 
away The visual sensations are caused by the shadows cast upon the 
retina by epithelial cells or other debns — e g embryonic remnants m 
the vitreous body 

Contact lenses These are thin bowl shaped shells of glass made to 
fit over the cornea they are used m some cases of refractive errovs 
especially those due to an abnormal shape of the cornea to astigras 
tism or to absence of the crystalline lens The contact lens is made in 
the form of the normal cornea and before being applied to the surface 
of the eye is filled with saline solution which when the lens is in post 
tion lies as a tbm film between it and the cornea How, the saline is of 


approximately the same refractive power as the cornea and for pur 
poses of refraction cornea and saline are, therefore, one Thus the 
posterior surface of the glass lens being m the form of a normal cornea 


molds as It were the patients cornea into nomial shape The lens may 
also be ground like any other lens so as to render it of 
the required curvature to correct a refractive error— 
eg astigmatism myopia etc (Fig 13 41) 

Tlje evil effects of bad lighting upon the Read 

Fig 13 41 ing m a light of such low illumination that the letters 

roniVct^lCM sharply and read easily too fine a print 

or lack of contrast between the letters and the paper 
cause eyestrain Our telephone directories seem to suffer from both 
of the two last mentioned defects The ciliary muscle contracts to ns 
maximum in order to increase the convexity of the lens and some 
persons even press upon the cornea with the lids in an effort to bulge 
It forward — that is to make it more convex and increase its refractive 


power Headache results 

Glare IS also a common cause of e^stram Tbere arc three kinds of 
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glare — veiling, dazzling, and blinding. Veiling glare is that which is 
created by a bright light which is uniformly diffused over the scene 
and reduces the contrast in the image of light and shade. Dazzling glare 
is caused by a light shining into the eyes at an angle of about 45 de- 
grees. It does not enter into the formation of the retinal image and is 
scattered by the refracting media of the eye. Blinding glare is light, 
also not part of the retinal image, which enters the pupO more directly, 
as when one looks into a very bnght light. 

The best light for reading is one of from 10 to 20 foot candles,* 
falling upon a dull-surfaced paper, and not causing glare in any of the 
ways listed above There should also be a generally diffused and in- 
direct illumination of the room. 

Blindness, partial or complete. Any loss of transparency of the re- 
fracting media of the eye— cornea, aqueous humor, lens, or vitreous 
body — reduces visual acuity. The parts of the eye most commonly af- 
fected m this way are the cornea and the crystalline lens. Destruction, 
by injury or disease, of the comeal surface is replaced by a scar, which 
is translucent or opaque, and, if so situated that light rays are pre- 
vented from entering the pupil in beams which can be focused, blind- 
ness of the affected eye results, m so far as recognizing objects is con- 
cerned (though light and shade may be appreciated). 

Cataract Cloudiness or opacity of the crystalline lens results in a 
corresponding limitation of vision Lack of transparency of the lens is 
called cataract. It is a defect usually occurring in persons past middle 
age The changes in the transparency of the lens in the usual form of 
cataract arc due to a degenerative process involving the lens proteins 
which starts near the center of the lens and spreads toward the surface. 
Dunng this time, the cataract is said to be immature It is mature when 
the process has extended to involve the superficial layers of the lens. 
The cure of cataract may be postponed until the mature stage has 
been reached The surgeon then resorts to "needling ” Needling con- 
sists of piercing the anterior chamber of the eyeball, making an open- 
ing in the lens capsule, and breaking up the degenerated and softened 
material This permits the entrance of aqueous humor and the gradual 
absorption of the lens substance. Then light rays can again reach the 
retina. The operation for “needling” or discission for cataract goes back 
to ancient times, but today extraction of the lens in its entirety is the 
most usual operation. After destruction or removal of the lens, strongly 
convex glasses are prescnbed to compensate for the loss of its refract- 
ing power. 

« A foot-candle is a measure of illimiination. Jt is the light given out by a standard 
candle to 1 square foot of surface I foot distant from it. 
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The cause of the ordmary type of the condition, which is known as 
senile cataract, is thought to be due to the prolonged acuon of sunlight 
or other sources of ultraviolet rays upon the lens proteins. It is much 
more common in India, Egypt, and other tropical and sunny regions 
than in temperate zones. 

Other types of cataract which may occur in earlier life are associ- 
ated with certain metabolic diseases, especially diabetes. Another type, 
which occurs in glass blowers, is probably due to heat (infrared) rays. 

Total blindness, in which not even a bright light can be perceived, 
may result from injury or disease of the retinas, of the optic nerves, of 
the optic tracts, or of the visual areas situated in the cortex of the oc- 
cipital lobes of the cerebrum. If one retina is affected, or one optic 
nerve, blindness of the corresponding eye alone results. If the optic 
tract (i e., the visual nerve fibers between the optic chiasma and the 
occipital cortex) or the visual area of the cortex of one side is injured 
or diseased, partial blindness results in both eyes. Complete blindness 
results only if the retinas, optic nerves, optic tracts, or visual areas of 
both sides are involved (see also p 588). 

The pressure within the eyeball; intraocnlar fluid. The pressure 
within the eyeball is from 20 to 25 mm Hg during life, but falls to 
about 10 mm shortly after death The higher pressure is due to the 
pressure in the capillaries in the wall of the globe. The lower pressure 
of 10 mm which persists for a time after death is due to the pressure of 
the aqueous humor and the fluid in the vitreous body. 

The intraocular fluids are not secreted, apparently, but are formed 
by the passage of fluid by dialysis (p. 18) from the blood across the 
membranes on the surface of the ciliary body and the posterior aspect 
of the ins The fluid is reabsorbed, mainly by drainage through canals 
at the angles of the antenoc chamber formed by the iris and cornea 
(see Fig. 13 1). There is thus a fairly free circulation of fluid — from 
blood to the interior of the eyeball and back to the blood by reab- 
sorption. 

Glaucoma. This is a very serious disease of the eye of which the 
initial abnormality is an increase in the intraocular pressure. The 
ocular hypertension leads to pathological changes within the eyeball 
which, if the tension persists, lead to blindness through pressure upon 
the delicate retinal structures. One form of the disease follows some 
other eye disease and is due ^het to increased production of intra- 
ocular fluid, or to blockage of the drainage canals at the angles of the 
anterior chamber. Another form of the disease is not preceded by any 
known ocular disease; its cause remains obscure. 
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The Ear 

The structure of the ear. The ear consists of three distinct parts, 
called the outer, middle, and inner ears, each of which has a special 
part of play in the mechanism of hearing. 

The outer ear consists of an appendage of cartilage and skin situated 
on the side of the head and known as the auricle or pinna, together with 
a short funnel-shaped passage called the external auditory meatus (or 
canal). The latter leads into the temporal bone of the skull, and is 
closed at its inner end by a flexible membrane called the drum or tym- 
panic membrane. The auricle and auditory canal serve simply to col- 



lect and direct the sound waves to the drum membrane; the latter sepa- 
rates the outer from the middle ear (see Fig. 13.42) 

The middle ear, drum, or tympanum is a small chamber within the 
temporal bone. As just mentioned, the drum membrane is interposed 
between it and the outer ear. The middle ear contains three miniature 
bones (the auditory ossicles) named individually from their shapes, 
the malleus (hammer), the incus (anvil), and ihestapes (stirrup) (see 
Fig. 13.43). They stretch across the cavity of the middle ear from the 
tympanic membrane to the inner wall of this chamber, and are joined 
to one another by minute joints. The handle of the malleus is at- 
tached to the tympanic membrane; its head articulates with the body 
of the incus A process of the incus is joined to one end of the stapes; 
the other end or footplate of the stirruplike bone is fitted into a small 
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opening in (he inner wall of the middle ear. called the ora/ wMm. 
Situated q little lower in the inner wall of the tympanum is the round 
window; this is closed by a thm membrane. 

A narrow canal— the auditory or Eustachian tube — which connects 
the middle ear with the posterior part of the nose, serves for the pas. 
sage of air between the middle ear and the atmosphere. Thus equality 



of air pressures upon the two sides of the drum membrane is main, 
tamed 

Two very small muscles are to be found in the middle ear. They 
ansc from neighboring bone or cartilage and are inserted, one (the 
tensor tympani) into the handle of the malleus, the other (the stape^ 
(htis) into the stapes. These two muscles contract reflexly and simulta* 
neously when very forcible vibrations strike the eardrum, and by 
amping the movements of the ossicles protect the internal ear from 
injury. 

The inner ear or labyrinth lies internal to the middle car; it contains 
t e organs of hearing and equilibrium. The auditory sense organ is 
e within and on the outer wall of a spiral tunnel in the temporal 
nc named the cochlea — so-called from its resemblance to a snail’s 
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shell (L cochlea a snails shell) The spiral canal makes two and 
three quarter turns around the central column of spongy bone called 
the modiolus (Figs 13 44 and 13 52 p 631) The larger turns of the 
spiral are at the base of the cochlea the smaller turns at the apex or 
cupola A shelf or ledge of bone which projects from the modiolus and 
winds around it like the thread of a screw divides the cochlea mcom 



Fig 13 44 Upper drawing a view of the bony cochlea divided vertically 
through the m ddle /awer drawing enlarged drawing of one turn of the duct of 
the cochlea a vestibular membrane b bas lar membrane c organ of Cort d 
acoustic nerve 

pletely into two spiral channels But in the living state the division of 
the cochlea is completed by a membranous septum called the basilar 
membrane which extends from the tip of the bony shelf mentioned 
above to the outer wall of the cochlea A second more delicate sep 
turn called the vestibular membrane proceeds from the upper surface 
of the shelf of bone to the outer wall where it is fixed a short distance 
above the outer attachment of the basilar membrane The spiral tube 
enclosed between these two membranes is called the membranous 
cochlea or duct of the cochlea * The part of the cochlea lymg above 

B The cochlea is here desenbed as though placed upon its base but actually it 
I es upon Its s de with its base d reeled toward toward the cranial cavity and its apex 
or cupola pointing outward and forward 
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this membranous tube is named the scala vesttbuli, and the part lymg 
below, the scala tympani The duct oC the cochlea is sometimes re- 
ferred to by Its older name, scala media The spiral compartments 
were given these names from their fancied resemblance to stairways 
(L scala, a stairway) The scala vestibuli and the scala tympani are 
filled with a fluid called perilymph, which is identical m composition 
to, and continuous with, the cerebrospinal fluid The duct of the coch 
lea IS filled with endolymph 



Fig 13 45 The internal auditory meatus 


The scala vestibuli communicates with the middle ear through the 
oval window which, as already stated, lodges the footplate of the 
stapes 

The membrane of the round wmdow is interposed between the 
commencement of the scala tympani and the middle ear 

Resting upon the basilar membrane is a structure consisting of spe- 
cialized cells of different sizes and shapes, and known as the spiral 
organ or organ of Corti It and the basilar membrane follow a spiral 
course throughout the entire length of the duct of the cochlea The 
specialized cells are the auditory receptors, they are elongated ele- 
ments from the summits of which hairhke processes pro)ect They ate 
therefore called hair cells The tips of the hairs are attached to, or 
embedded m, a Ihm elastic membrane — ^ihe tectorial membrane — 
which extends outward from near the attachment of the vestibular 
membrane and, fioatmg in the endolymph, overlies the organ of Corti 
The Internal auditory meatus is a short, bony canal, about I cm 
tong, which runs inward from the internal ear to open into the cranial 
cavity It lodges the cochlear and vestibular nerves The outer end or 
bottom of the canal (Fig 13 45) is occupied by the base of the mo- 
diolus and a perforated plate of bone From the former, central fila- 


THE EAR 621 


ments of the cochlear nerve enter the meatus (see below); the per- 
forated plate gives passage to the peripheral fibers of the vestibular 
nerve (p. 631). 

The auditory pathway. The nerve of hearing is known as the coch- 
lear nerve. Its fibers are the processes of nerve cells in a small gan- 
glion called the spiral ganglion of Corti, which occupies the spiral ca- 
nal that tunnels through the center of the modiolus. Processes of the 
ganglion cells are in two sets — peripheral and central. The former 
pass along the spiral ledge of bone to reach the organ of Corti. They 
terminate as minute filaments around the bases of the hair cells — the 
receptors of bearing. The other processes, which arise from the oppo- 
site poles of the ganglion cells, pass centrally with the vestibular nerve 
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in the internal auditory meatus to enter the medulla oblongata; here 
they connect with groups of nerve cells {cochlear nuclei). Secondary 
neurons ascend from here to the midbrain {medial geniculate bodies); 
from there a third set of neurons passes to the audiiory center (sec 
Fig. 13 46) in the cortex of the temporal lobe of the cerebrum. 

Only the auditory part of the labyrinth has been described in the 
foregoing paragraphs. The inner car contains, also, the semicircular 
canals and otolithic organs. These, which have no auditory function, 
will be described later. 
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The philology of hearing. The structure of the auditory apparatus 
having been sketched, we are in a position to understand the manner 
in which the energy of sound waves is transmitted to the auditory re- 
ceptors. The outer and middfe ears serve merely to transmit the sound 
waves to the inner ear in which the receptors are contained. The waves 
set up in the air by a sounding body strike the ear drum and set jt into 
vibration In man, the pinna and the somewhat funnel-like shape of 
the auditory meatus have only a slight effect in concentrating the 
sound waves upon the drum membrane In many animals, ho\scver, 
the pinna serves an important function in this regard, being a large 
funnel-shaped structure which can be turned toward the source of the 
sound. 

The vibrations set up in the ^mpanic membrane are transmitted 
across the middle ear by the auditory ossicles. The head of the malleus 



ova^ to the round window through the sca^a media. The waNy hnt 
rcscnis the organ of Corti 

IS connected to the body of the incus in such a way that a movement 
inward or outward of the tympanic membrane causes a corresponding 
movement of the handle of the malleus, of the long process of the in- 
cus, and of the footplate of the stapes, lodged in the oval window be- 
tween the middle ear and the scala vcstibuli of the cochlea. Thus, 
movements of the tympanic membrane are transmitted through the 
ossicles to the inner car. The senes of inward and outward movements 
of the footplate of the stapes, acting like a plunger in the oval win- 
dow, sets up corresponding movements in the fluid contents of the 
scala vestibuli. These movements arc transmitted freely through the 
vestibular membrane to the fluid in the cochlear duct, and through 
the basilar membrane, in turn, lo the scala tympani (Fig 13 47). 
Thus, each time the footplate of the stapes is pressed into the oval win- 
dow, the basilar membrane moves toward the scala tympani and pulls 
the processes of the hair cells fixed to the tectorial membrane; when 
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the stapes moves outward, the tension on the hair cells is relieved. Thus, 
by a series of mechanical stimuli, impulses are set up in the terminals 
of the auditory nerve. The round window, situated between the scala 
tympani and the middle ear, permits free movements of the contents 
of the inner ear. Since liquids arc incompressible, no movement of the 
stapes could occur, of course, were there no other part of the bony 
wall of the cochlea which yielded to pressure. 

The auditory ossicles are connected to one another in such a way 
as to constitute a small lever (see Fig. 13.48). The handle of the mal- 


Fig. 13.48 A me- 
chanical model il- 
lustrating the trans- 
mission of sound 
waves through the 
middle ear. The 
lever represents the 
Cham of auditory 
ossicles. 
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leus, attached to the tympani membrane, forms the Jong arm of the 
lever; the long process of the incus is the short arm. The long arm is 
one and a half times the length of the short arm. The movement of the 
long process of the incus (and of the stapes w/th which it connects) is, 
therefore, only two thirds as great as that of the tympanic membrane. 
We should expect, on the other hand, that the force exerted by the 
stapes at the oval window would be one and a half times greater than 
that applied to the handle of the malleus. But. on account of a large 
proportion of the energy being lost in transmission (due to inertia of 
the ossicles and friction of the air surrounding them), only about half 
of the force exerted upon the handle of the malleus reaches the oval 
window. However, the area of the tympanic membrane is nearly 
twenty times that of the oval window; this fact alone, were there no 
loss of energy in transmission, would cause the force concentrated 
at the oval window to be increased twcntyfold over that of the vibra- 
tions of the drum membrane. Now, as just mentioned, the force trans- 
mitted to the stapes is only one half of that applied to the malleus; the 
net magnification of the force exerted by the movements of the foot- 
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plate of the stapes, brought about through the mechanism of the mid- 
dle ear, is, therefore, about ten 

The appreciation of pitch fdtscctaiinalion of the freqncncy of the 
sound ivaTcs). Sound is transmitted from a vibrating body to the ear 
as a series of alternating condensations and rarefactions of the atmos 
phere The disturbance in the air travels as a succession of waves A 
complete wave — that is, from the crest or trough of one wave to the 
corresponding phase of the other — is referred to as a double vibration 
(dv) or a cycle The pitch of a tone depends upon the frequency of the 
waves — that is, upon the number of double vibrations or cycles reach- 
ing the ear per second For example, a tuning fork which vibrates at 
a frequency of 100 dv per second emits a note of higher pitch (by an 
octave) than one vibrating at 50 dv per second 

Sounds tanging in frequency from 40 to 20,000 dv per second arc 
audible to the human ear The range of audible frequencies vanes, 
however, between individuals and between different species of am 
mals The cat, for example, can hear the very high pitched sounds 
made by a mouse, which are usually quite inaudible to human ears 
The bat also makes a cry which of course, can be heard by its kind, 
and probably also by other animals, but which is of a pitch too high to 
make an impression upon the human ear 
There has been no little discussion as to the mechanism whereby 
variations in the frequency of the sound waves striking the car are 
converted into messages which the brain interprets as differences in 
pitch The two classical theories are the resonance theory of Helmholtz 
and the telephone theory of Rutherford 

The resonance theory states that the basilar membrane, like the 
wires of a piano is a scale of resonators If the dampers of a piano arc 
raised and a note sung near it, a tone of the same pitch is given out by 
the instrument Those wires of (he piano alone vibrate which, if struck, 
would themselves have emitted the same note This well known phe 
nomenon is called s)mpatftetjc resonance The basilar membrane con 
tains some 24,000 fibers These so called auditory strings increase pro 
gressively in length from the base to the apex of the cochlea ^ch 
fiber, or a group of fibers of a given length, vibrates in unison, it is 
supposed, with vibrations of a particular frequency transmitted to 
them from the drum membrane, the short tense fibers at the base of the 
cochlea vibrate to high notes, and the longer, more lax fibers at the 
apex to low notes Of course, only those hair cells overlying the fibers 
which are set into sympathetic vibration are stimulated 

The resonance theory, therefore, claims that she analysis of sound 
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is a function of the cochlea, the particular region of the latter from 
which the nerve impulses are discharged being the sole basis upon 
which the brain rests Us faculty of pitch discrimination. The resonance 
theory is supported by a number of facts, (a) When the ears of animals 
(e.g., guinea pigs and rabbits) arc subjected to prolonged stimulation 
by a loud high* or low-pitched tone, degenerative changes are pro- 
duced in the basal or the apical portion, respectively, of the organ of 
Corti. (b) Boiler-makers or others ulio work among clanging noises 
sometimes become deaf to high tones (boiler-maker's disease) , the or- 
gan of Corti in the basal turns of the cochlea is found to have degen- 
erated. (c) Destruction of the apical part of the cochlea in animals 
results in deafness to tones of low frequency; injury to the basal part 
causes deafness to high tones, (d) The structure of the cochlear duct 
with its basilar membrane strongly suggests that it acts as a resonator, 
and recent experimental work has provided direct evidence of such a 
function. 

When the ear is stimulated by a sound, the vibrations of the or- 
gan of Corti set up rhythmical changes In electrical potential within 
the cochlea {Wever and Bray effect). When amplified and recorded 
graphically, these are found to have exactly the same frequency as 
that of the sound. Indeed, if the electric currents are conducted to a 
loud speaker the original sound Is faithfully reproduced. With low 
notes, the potential changes are greatest in the apical turns of the 
cochlea; with high notes, in the basal turns, thus demonstrating clearly 
the resonating function of the cochlea 

But the electrical effects do not represent nerve impulses originating 
in the terminals of the cochlear nerve; they arc due to movements with 
consequent pressure changes in the basilar membrane and organ of 
Corti set up by the sound waves. The mechanical energy (pressure) 
is transformed to electric energy — a piezoelectric effect (Gk. piezo, 
I press) 

The telephone or frequency theory. In a telephone system the trans- 
mitting instrument converts the sound waves into electrical impulses 
of the same frequency. Upon reaching the receiver, the electric im- 
pulses set up vibrations which reproduce the original sound. The tele- 
phone theory of hearing postulate that the basilar membrane does not 
vibrate selectively in the manner demanded by the resonance theory, 
but as a whole, in unison with the vibrations transmitted to it from 
the drum membrane. The frequency of the impulses caused by stimu- 
lating the hair cells corresponds with that of the vibrations of the basi- 
lar membrane, and, consequently, with that of the sound waves. 
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The telephone theory cfmms, therefore, that the cochlea possessa 
no power of sound analysts, and that such is purely a function of the 
brain, the frequency of the impulses received by the auditory center 
being the basis for the discrimination of pitch 

The telephone theory as on^mally proposed is ^aced with the objec 
tion that the maximum frequency at which impulses can be transmit 
ted by a nene fiber is about 1000 per second, whereas, sounds with 
frequencies up to 20,000 dv per second are audible But the auditory 
nerve consists, of course, of a large number of fibers, and it has been 
proposed that the impulses are discharged over the separate fibers, not 
synchronously, hut m a scattered volley That is, some fibers are tn 
their refractory phase (p 574) while others are conducting Thus it 
IS possible for a group of fibers to transmit impulses in “broken step 
at frequencies as high as, or even higher than 20,000 per second 
Nevertheless, the volley theory, as this amplification of the telephone 
theory is called, does not fit all the facts, it fails to explain the appre^ 
ctation of tones having a vibration frequency higher than about 3000 
per second For example, the action potentials set up by a sound and 
recorded (p 469) from the auditory tracts m the brain have cxactlj 
the same frequency as that of the sound up to 1 000 dv per second Be 
tween 1000 and 2000 dv per second, one impulse occurs for every two 
sound vibrations, and one for every three between 2000 and 3000 dv 
per second, but at higher frequencies (between 3000 and 20,000 dv 
per second) there is no relationship 

As a general theory of pitch discnmmation, the telephone or fre 
qucncy theory is unsatisfactory The resonance or harp theory is now 
generally accepted To summarize The cross fibers or "strings" of the 
basilar membrane, according to the principle of sympathetic reso 
nance, vibrate at different levels (base to apex) of the cochlea as de 
termined by the frequency of the sound waves reaching the internal 
car Thus, the short tense fibers in the basal turns vibrate m unison or 
“sympathy" with sound waves of high frequency (high pitched or 
treble tones) , the longer fibers at the apex respond to sound waves of 
low frequency (low pitched or bass tones) The basilar fibers between 
these two extremes vibrate to tones of intermediate pitch from treble 
to bass The vibrations of the fibers at any particular level of the basilar 
membrane stimulate the auditory receptors, and thus set up impulses 
m the nerve terminals in the hair cells at that place alone The mod 
ero resonance theory is, therefore, also spoken of as the place theory 
Just as we know at once die precise spot on the skin which is stimu 
latcd when we feel a touch at that spot, so we are able to discriminate 
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between impulses arising from the different levels of the basilar mem- 
brane But the actual stimulated place in the basilar membrane is not 
perceived as we perceive the position of a stimulated point on the skin 
The different levels of stimulation aro interpreted by the brain as dif 
ferences m pitch Such localization is possible because each and every 
level of the cochlea is connected by nerve fibers with a particular 
group of nerve cells arranged in regular order in the auditory center — 



that IS in the cortex of the temporal lobe of the cerebrum (see Fig 
1 3 49) In other words each point upon the basilar membrane is rep 
resented by a corresponding point in the cerebral cortex 

Intensity and loudness of sound. The power transmitted through the 
atmosphere from a sounding body is referred to as the intensity of 
the sound Sound intensity is expressed as the qu antity of^^ergy, m 
microwatts, passing per second through an area of 1 ^q^uare c^ti 
meter the greater the intensity of the sound, the greater, of course 
will be the amplitude of the movements of the drum membrane and 
generally speabng, the louder will be the sound But the ear does not 
possess the same sensitivity at all frequencies Within the range of from 
1000 to 2000 dv per second the lowest intensity imtensity threshold) 
IS required to arouse an auditory sensation, and a sound of any given 
intensity is loudest The sensitivity of hearing — i e the loudness of a 
sound of a given mtensity— diminishes progressively as the frequency 
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IS increased above 2000 dv per second or reduced below 1000 dv per 
second (see Fig 13 50) In other words the threshold of hearing is 
lowest for sounds with frequencies aroun d 2000._dv per second It will 
be appreciated from these remarks that intensity and loudness are not 
synonymous terms The intensity o! soun^is a n ab s olute physical 
value whereas the loudness of s ound is a matter of auditory percepti on 
As the intensity of the sound increases other sense organs than 
those of hearing are stimulated We /«/ the sound and if \cry intense 
It arouses the sensation'^pain For example the report of a rifle fired 



Fig 1 3 JO Chart showing 
the thresholds of hearing and 
feeling of sound at dilTerenC 
frequencies (After Wegd ) 


at a distance IS heard but at short range is felt as well and if too close 
to the ear causes pain It will be seen that the chart in Figure 13 50 
that in contrast to that of hearing the threshold of feeling is highal 
frequencies around 500 dv_p er second * 

Iieanng, deafness Deafness is a rather indefinite tcrni 
but is usually taken to mean defective hearing of such a degree that 
ordinary conversation cannot be heard distinctly and without dt(R 
cuUy It vanes greatly m degree from dullness of heanng the subject 
being unable to recognize words spoken by another m his usual voice 
to complete loss o! heanng As a rule the heanng defect is not equal 
for tones ol every p-iVvVi In sorae types ol deafness h.enttnglos.sa5cct3 
mainly or solely the higher sound frequencies in others the lower 
frequencies 

Classification of deafness There are three main types of deafness 
called respectively tr ansmission de afness perceptive or nerved^ 
ness and cent ral deaf ness Any condition of the external or rtuodJe ear 
which prevents the sound waves &xmi being transmitted without inter 
fcrencc is called transnussionjdeafncss Thus inflammation with de 
struction of the structures oflhc middle ear plugging of the outer car 
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with wax, or closure of the auditory tube, will cause some degree of 
deafness. Fixation of the footplate of the stapes in the oval window by 
hardened tissue blocks the jransmission of the sound waves to the 
cochlea and islilso a frequent cawc_of-deafness. When_th e auditory 
lube is blocked, the middle ear becomes a hermetically sealed cavity. 
The air within it soon becomes absorbed and, as a consequence, the 
pressure on the inner side of the drum membrane is much less than 
that of the atmosphere. The membrane is pushed inward against the 
inner bony wall of the middle ear and, therefore, cannot vibrate freely. 
Temporary blockage of the auditory tube often occurs with a cold, as a 
result of swelling of the lining of its mucous membrane. Inequality of 
pressure on the two sides of the drum membrane is brought about also, 
in a somewhat different way, in airplane descents The middle ear is 
filled with air at the lower pressure of the atmosphere at the high alti- 
tude; when the plane reaches the ground, the atmospheric pressure at 
this level, being much higher, pushes the drum membrane inward. This 
event is usually guarded against by chewing gum during the descent 
which, since it stimulates salivary secretion, induces swallowing. Swal- 
lowing, in turn, opens the mouths of the auditory tubes in the pharynx 
and permits air to enter the middle ear from time to time, and thus 
equal pressures are maintained on the two sides of the drum mem- 
brane. 

If descent from a high altitude is made too rapidly, and swallowing 
fails to allow air to enter the auditory tubes, rupture of one or of both 
eardrums may occur; the higher outside (atmospheric) pressure would 
be unable to force air upward into the middle ears through the closed 
pharyngeal ends of the tubes, and thus to equalize the pressures on the 
inner and outer sides of the tympanic membranes. 

In rapid airplane ascents, on the other hand, the higher pressure 
within the middle ear is reduced from time to time by the air forcing 
open the sphincter muscle around the opening of the auditory tube. In 
other words, the sphincter can be forced from within but not from 
without. 

Perception deafness is due to disease or injury of the cochlear struc- 
tures or of the cochlear nerve itself. 

Central deafness is caused by a lesion — e.g , a tumor, abscess, or in- 
jury of the auditory tracts or of the auditory cortical centers. 

Testing d^ective hearifie. Hearing i s te sted (in a room as nearly si- 
lent as possible) by means of a series of tuning forks of graded vibra- 
tion frequencies held at varying distances from the subject’s ear. Or 
an instrument known as an audiometer is used, by means of which 
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tones are produced electrically »hich can be very precisely varied as to 

that shown in Figure 13.51. Such a record is called an mdiagram. In 
frequencier' <>"ly over a limited range of sound 

The nonauditoT- port of the lahyTinUi-lhc organ of equilibrium, 
me inner ear contains another organ besides the cochlea, consistin" 
of three semicircular canals and two small sacs, called, respectively 
the ulricle and the saccule. The 


S« 




I^g 13 31 An audiogram The 
shaded area indicates the area over 
which hearing is defective 


semicircular canals and the utri- 
cle have no auditory function, 
being concerned solely with the 
maintenance of the equilibrium 
of the body (see Fig. 13.52). 

The semicircular canals arc 
membranous tubes filled with 
fluid known as the endolymph. 
They arc contained within semi- 
circular tunnels in the temporal 
bone — the osseous canals — but 
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separated from the bone by perilymph. The three canals lie approxi- 
mately at right angles to one another, one In each of the three 
dimensions of space Two canals are vertical, one horizontal. The 
two vertical canals (supenor and posterior) are placed diagonally 
in relation to the anteroposterior diameter of the skull; the convexity 
of one is directed outward and backw-ard, of the other outward and 
orwar (sec Figs. 13.52 and 13.53), and that of the horizontal (lat- 
era ) canal, outward One end of each canal is dilated into a fusiform 
swelling called the ampulla. A small elevation, called the crista, is 
situated m each of the three ampuUae. This is composed of ceiU with 
bnstlelike processes — the hair cells — surmounted by a cap of gelat- 
inous material called the cupula. The cristae are the sense organs 
(proprioceptors) of the canals Both ends of each canal open info the 
utricle. 

The utricle and saccule are oval membranous sacs measuring (in 
man) about i inch in their longest diameters. They are contained 
within an oval cavity in the bone, called the vestibule, situated between 
the cochlea and the semicircular canals. Tlie utnclc. as just mentioned, 
communicates with the semicircubr canals, the saccule connects 
through a narrow canal with the duct of the cochlea. The utricle and 
saccule are mdirectly connected through a narrow Y-shaped tube 
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(Fig 13 52) The entire membranous labyrinth, auditory and non 
auditory, thus forms a continuous system of communicating passages 
and chambers The utncJe and saccule each contains a sense organ 
called the macula, this is a plaque of hair cells covered by a layer of a 
gelatmous substance Adherent to the latter are a number of crystals of 



carbonate of lune, known as otoliths (car stones) or otoconia (ear 
dust) 

The pathway for impulses from the semtcirciilar canals Impulses 
from this part of the labynnth are earned by fibers of the vestibular 
nerve — the other division of the acoustic nerve Its fibers, like those of 
the cochlear nerve, are in two sets, penpheral and central, and are 
processes of cells m the vestibular (Scarpa’s) ganglion which forms a 
swelling on the nerve at the bottom of the internal auditory meatus 
The penpheral set of fibers ends around the bases of the sensitive hair 
cells of the semicircular canals, utncle, and saccule The central proc 
esses (fibers) of the ganglion cells connect with groups of cells (ves- 
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Kg' 13.53 Showing the posiUons of 
the semidrcular canab m reJahon to 


the vertical planes (anteroposterior 
and transverse) of the skull. 1. hon- 
zont^ canals; 2, postenor vertical 
canals; 3, anterior vertical canals 


“Ccndary 

neurons cany the impulses to the cerebellum; other neurons conVCT 
.he ^puhes to the anterior horn ceUs of flic spina, cord Tsee F.^ 
(p. 528) ^ ihe latter constitute the vestibulospinal tract 

on?roro«Hr,n ' K n frog is rotated rapidly 

made are ertend a toward which the movement is 

head turned “f *'"= opposite side are flexed, and the 
Ihe t^^h n r'f d“’f,l‘‘' Thus displacement of 

beino tifrn ^ ^ fonvard, the animal avoids 

tilt e!u^,. , extenlion of its forelimbs; a backward 

bv exteusiou '“‘‘"S 

y he limbs on the corresponding side, accompanied by 
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Fjg 13.54 The 
pathway for (he trans- 
mission of Impulses 
from the semleircular 
canals The vestibular 
ganglion appears as a 
swelling upon the ves- 
tibular nerve as it lies 
in the internal audi- 
tory meatus. 


SEMICIRCULAR 

CANALS 
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flexion of the opposite pair of limbs. 

These reflex reactions, whereby the ani- 
mal resists being upset from its “normal” 
position by some unusual movement, are 
the result of stimulation of the end organs 
of the semicircular canals. Impulses initi- 
ated in the cristae are transmitted to the 
vestibular nuclei in the medulla oblon- 
gata, and thence relayed to the cerebel- 
lum and, by the vestibulospinal tracts, to 
the cord. The reactions resulting from ro- Fig 13.55 Position taken 
tation in the horizontal plane are due to up by a frog during rotation 
stimulation of the horizontal pair of ca- Ewald.) 

nals; those caused by tilting forward or backward, or laterally (i.e., 
by a rotary movement in the plane, approximately, of one or other 
pair of vertical canals), are due to stimulation of the cristae of the 
corresponding canals. The movement causes a mechanical stimulus to 
be applied to the hair cells of the cristae. When the head is rotated 
in the plane of one or other pair of canals, the endolymph, owing tr 
its inertia, exerts a momentary pressure which bends the hair cells 0: 
the canal on the side away from which the rotation is made. For tb( 
same reason, the pressure upon the hair cells of the canal of the oppo 
site ear is reduced. The effects upon the two ears, though opposite u 
nature, act conjointly in initiating the reflex muscular movement. 



Fig. 13.56 Showing en- 
dolymph movement dur- 
ing and after rotation. 
Upper drawing, during 
rotation, large arrows in- 
dicate the direction of 
rotation; small arrows, 
the endolymph move- 
ment. Lower drawing, 
after rotation. (After 
Best and Taylor, The 
Physiological Basis of 
Medical Practice.) 
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Stimulation of the semicircular canals also causes movements of the 
eyes When, for example, a person is rotated rapidly with the head 
erect — i e , approximately m the plane of the horizontal canals — the 
eyes are observed to make a senes of rhythmical side to side move- 
ments after the rotation has ceased These to and fro movements, 
which are termed nystagmus, are due to the momentum of the endo- 
lymph That is, the endolymph movement continues for an instant after 
the rotation of the head has ceased, and thus exerts pressure upon the 
ensta of the canal on one side (see Fig 13 56); the pressure on the 
hau cells of the canal of the opposite ear is diminished It is clear that 
the effects following rotation will be the reverse of those occumng at 
the commencement of rotation If the head is bent forward, backward, 
or onto one shoulder during the rotation, the vertical canals are stimu- 
lated The nystagmus which follows rotation in these positions of the 
head is not horizontal, the eyes move either up and down (vertical 
nystagmus) or show a rotary movement (rotary nystagmus), accord 
mg to which particular pair of vertical canals was in the plane of the 
rotation 

Other effects follow stimulation of the semicircular canals by a rapid 
rotaiy motion Everyone is familiar with the sensation of dizziness, or 
vertigo, and the staggering gait which result from spinning (siimula 
lion of horizontal canals) A more pronounced disturbance of the equi 
libnum sense follows stimulation of the vertical canals, this may be 
demonstrated simply upon oneself by bendmg over, so as to bring the 
head and neck into the honzontal plane, and then circling a few times 
around a mark on the ground Impulses set up in the canals may travel 
over efferents of the autonomic nervous system causing such reflex cf 
fects as nausea and vomiting, dilatation of the pupil, sweating, pallor, 
and a fall in blood pressure 

The hair cells, since they arc stimulated by rotary motion, are called 
rotary receptors It should be emphasized that the cristae are stimu- 
lated a tevi'A ttrt. wiertta tba rwKWWt.'jxo. o( the endo- 

lymph — that is at the commencement or the termination of the rota 
lion The hair cells arc not bent after the rotary movement is well 
started, for then the inertia of the fluid has been overcome and moves 
with the wall of the canal Means of detecting a continuous rotary mo- 
tion have not been evolved, for we are not, except perhaps rarely and 
under very unusual circumstances, ever exposed to it * 

The functions of the utricle. Whereas the receptors of the scmicir 
cular canals respond to movements of the head, the position of the 

• We must, of course, exclude /rom Ihu •latetneni the rowuon of the earth 
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head is the factor responsible for excitation of the hair cells of the 
utricular maculae. The canals arc organs of kinetic sense, the utricles 
of static sense. Two types of equilibrium reactions — the righting and 
attitudinal reflexes — are dependent upon the utricles. 

The righting reflexes. When an animal is placed upon its back, it im- 
mediately rights itself. The head is first brought into its “normal” posi- 
tion in space by a contraction of the neck muscles, the body follows, 


+«f 


Fig. 13 57 The po- 
sitJOQS of an aminal's 
head, each marked 
with the angle which 
the mouth cleft 
makes with the hori- 
zontal plane. (Drawn 
from photographs 
after Magnus.) 



being brought into its normal relationship with the head by contrac- 
tions of the trunk and limb muscles. The movement of the neck mus- 
cles, whereby the head is righted, is dependent upon the sense organ 
of the utricle; it is, therefore, called the labyrinthine righting reflex; 
the center for this reflex is in the raidbrain. When the head is in the 
wrong position, mouth looking upwarf. the otoliths adhering to the 
maculae hang downward; the tension which their weight exerts upon 
the hair cells acts as a stimulus to the sensitive hair cells. The move- 
ment of the neck stimulates, in turn, proprioceptors in the neck mus- 
cles, through"which the reflex righting movements of the trunk and 
limbs are initiated. These movements of the trunk and limb muscles, 
caused by stimulation of proprioceptors in the neck muscles, are termed 
neck reflexes. Their center is situated in the upper cervical segments 
of the* spinal cord. 

The importance of the righting reflexes in man is evident if one con- 
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siders how a swimmer, after diving into deep water, orients himself 
without difficulty and rises to the surface. The other senses (e.g., vision 
or touch) can give him little or no information of his position in space. 
He relies upon his utricles to bring his head “right side up.” Deaf mutes, 
whose labyrinths as a whole are not developed, run a grave risk, ewn 
though they be good swimmers, if plunged into deep water. 

Attitudinal reflexes. When a decerebrate animal, with its neck im- 
mobilized in a plaster cast (in order to exclude the neck refiexes) is 
placed in different positions, variations in the tone of the limb muscles 
will be observed. When the animal is placed back down with the cleft 
of the mouth at an angle of 45 degrees above the horizontal plane, the 
tone of the muscles of all four limbs is maximal; in the opposite posi- 
tion (feet down with mouth cleft at 45 degrees below the horizontal 
plane), the tone of the muscles is minimal. In positions of the head be- 
tween these two extremes, gradations in muscle tone result, in accord- 
ance with the position of the head in relation to the horizontal plane 
(Fig. 13.57). These tonus reactions are the result of variations in the 
activity of the utricular proprioceptors (maculae). The sense organs 
are stimulated most strongly when the otoliths are hanging from the 
maculae — i.e , pulling upon the hairs, as when the animal is on its back 
or on its feet with snout pointing upward (neck extended); whenjhe 
otoliths arc resting upon the maculae — i.e , with snout pointing down- 
ward (neck flexed) — the hair cells arc not stimulated. 

The tone of the lunb muscles is ako influenced reflexly by move- 
ments of the neck muscles. When the neck is extended, the tone of the 
extensor muscles of the forelimbs is increased, while the extensor tone 
of the hind limbs is reduced Flexion of the neck causes the reverse ef- 
fects — namely, decreased tone of the forelimb extensors together with 
increased tone of the extensors of the hind limbs. The neck reflexes are 
studied best after the vestibular nerves have been severed and the utric- 
ular reflexes thus abolished. 

Though the attitudinal reflexes arc most readily demonstrated in the 
decerebrate preparation, they constitute on important mechanism con- 
trolling the posture of the normal animal. Otolithic and neck reflexes 
cooperate to facilitate various posturaradjustme;its. \Vbcn a cat, for 
example, turns its head to look upward at a piece of food on a shelf, the 
otolithic organ is stimulated with a consequent tendem^ for the exten- 
sor tone of all four lunbs to increase. The neck reflex initialed by the 
extension of the neck reinfoices the otolithic influence on the fore- 
limbs; but the effect of the neck movement upon the hind limbs is the 
reverse of that of the utricle. The influence of the neck movement upon 
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Fig 13 58 Drawings of a nonnal cat, showing the animal’s posture {above) 
when its attention is attracted by an object placed above it. Photograph of the 
same animal {below) when its attention is drawn to an object below it. The 
difference between the two positions of the forehmbs is very marked, Tjecause m 
them the neck and labyrmthme reffexes reinforce one another, the difference in 
the position of the hind hmbs is not so great, since the two sets of reflexes oppose 
one another. (Drawn from photographs after Magnus ) 

the hind limbs, however, predominates so that the animal assumes a sit- 
ting posture with forelimbs extended and bind limbs flexed. On the 
other hand, when the animal lowers its head to look beneath a cup- 
board, the otolithic infiuenre reduces the extensor tone in all four 
limbs; but the neck movement, though it also reduces the extensor tone 
of the forclimbs and thus acts in conjunction with the labyrinthine ef- 
fect, antagoniaes and predominates over the labyrinthine influence 
upon the hmd limbs. The animal, therefore, assumes an attitude with 
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flexed forelmibs and extended hmd limbs — an appropnate posture of 
the body for that particular petition of the bead (see Fig 13 58) 

The hair cells of the utricular maculae since they are stimulated 
by the weight and consequently the pull of the otoliths are called 
gravity receptors Seasickness and other forms of motion sickness are 
due to the intermUtervt and erratic stimulation of these receptors by the 
sudden changes in the positions of the head 


Taste 

Smell and taste are chemical senses — that is the receptors (chemo 
receptors) respond to chemical stimuli In order for a substance to 
arouse the sensation of taste it must first be dissolved — cither taken m 
solution or dissolved in the saliva, a solid placed in a perfectly dry 
mouth cannot be tasted 


The organs and ner\es of taste The anterior two thirds of the upper 
surface (dorsum) of the tongue is beset with minute projections of the 
mucous membrane called papillae The papillae at the edges tip and 
more anterior part of the dorsum of the tongue are very small conical 
cylindrical or mushroom shaped structures They give a velvety char 
acier to this part of the lingual mucosa In accordance with their form 


they are called filiform or fungiform papillae The more posterior 
part of the tongues surface is 
Tastepott rougher owing to the presence 
of much larger papillae These 
are of peculiar construction 
each IS surrounded by a groove 
or trench the whole structure 
resembling a squat htile tower 
wubin a moat They are there 
fore called \allate papillae (L 
vallum a rampart) (see PI 

Fig 13 59 A taste bud 

Embedded m the covering 



of the papillae (both large and small types) are groups of slender cells 
provided with hairlike processes packed lengthwise into bundles The 
cells arc the receptors of taste the bundles which they compose are 
called taste buds (Figs 13 59 and 13 60) Each cell receives a fila 
mcnl from one of the nerves of taste The taste bud opens upon the 
surface of the papilla through a small pore The ends of the cells con 
verge toward this pomt, where their processes become massed together 
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Substances in solution enter the pores and act as chemical stimuli. A 
few scattered taste buds are present on the extreme posterior part of 
the tongue and even in the mucosa of the epiglottis. These later receive 
fibers from the vagus nerve. 

The fundamental sensations of taste are four in number — s^veet, 
bitter, sour, and salty; two others — namely, alkaline and metallic 
tastes — are sometimes included with these. The various other tastes 
which we experience are due (a) to the blending of some one or other 
of the fundamental sensations, or (b) to the combination of the latter 
with sensations caused by the stimulation of the ordinary nerves of the 


Fig 13.60 Section 
of a vallate papilla 
of the tongue. A 
taste bud is shown 
enlarged in Figure 
13.59. 



mouth. For example, ginger is recognized not only by its actual taste 
(i.e., by the stimulation of the taste buds), but from the burning sensa- 
tion which results from excitation of the ordinary sensory nerves of the 
mouth. Oils arc unpleasant to take, largely because of their “feel." 
Acetic and many other acids, as well as having a sour taste, give rise to 
an astringent or burning sensation which is confused in consciousness 
with the sense of taste and blended with it. 

Many of the finer flavors are in reality sensations of smell (p. 640), 
and smell enters largely into the many sensations which we attribute 
generally to taste. For this reason, when the nose is held or the nasal 
mucous membrane is inflamed, as by an ordinary cold, the sense of 
taste is blunted. On the other hand, certain substances which we think 
we detect by smell are actually recognized by the sense of taste. The 
sweetish smell of chloroform is an example, the vapor reaching the 
taste buds in the inspired air. 

The four fundamental taste sensations are not aroused with equal 
intensity over all parts of the surface of the tongue. Each type of taste 
sensation is served by its own kind of taste bud. Taste receptors sensi- 
tive to sweetness and to saltiness arc most numerous at the tip and fore- 
part of the tongue, whereas those r«ponding to sourness are found 
along the edges (PI. 15A). The taste buds causing a bitter sensation 
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are scattered over the back of the tongue and epiglottis A bitter sweet 
substance (such as sodujm sahcylaie), when first taken into the mouth 
tastes sweet the bitter element being noticeable only after the sub 
stance has passed over the posterior part of the tongue Little or no 
sensation of taste can be aroused from the central portion of the 
tongue s surface 



Fig 13 61 Pathway for the transmission of taste Irapuhes CT chorda tympaoi 
nerve ON glossopharyngeal nerve IS supenor salivatory nudeus LN lingual 
nerve SS superior sal vatory nudeus efferent (secretory fibers) Intenrupted 
lines afferent (raste) fibers continuous fines 

The sense of taste is much less sensitive than the sense of smell 
Sweetness for example is detected in a dilution of 1 part in 200 salti 
ness (common salt) I part m 400, sourness (hydrochloric acid) 1 part 
in 130 000 and bitterness (quinine) 1 part in 2,000 000 

The chief nerves of taste are the chorda tympant branch of the facial 
nerve and the glossopharyngeal nerve The chorda tympant supplies 
taste fibers to the antenor two thirds of the tongue, the glossopharyn 
geal to the poslenor third (Fig 13 61) The fibers of the chorda t)Tn 
pani nerve ate conveyed to the tongue m the trunk of the Ungual nerve 
(a branch of the mandibular division of the trigemiml nerve) The 
center for taste lies at the lower end of the somesthetic area of the 
cerebral cortex. 


Smell 

Smell is \ciy closely allied to taste and has been aptly described as 
“taste from a distance " In many animals the sense of smell is almost 
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incredibly acute, a large proportion of the brain being concerned with 
this sense. In such species the sense of smell is of paramount impor- 
tance, warning the animal of the approach of its enemies, and guiding 
it in the quest for food. Even in man, in whom the sense of smell is 
comparatively rudimentary, certain substances, such as mercaptan, 
can be detected in a dilution of 1 part in 30 billion or more parts of air. 

An odorous material continuity emits particles of molecular size 
which are carried in the air to the olfactory receptors. Substances which 
pass readily into the gaseous state such as turpentine, gasoline, and the 



Fig. 13.62 Vertical transverse section through the nasal cavi- 
ties to show position of the olfactory area. 


essential oils have, in general, strong odors; whereas nonvolatile ma- 
terials — e.g., the heavy metals — arc relatively inodorous. A substance 
in order to be smelled must reach the nose in gaseous form. 

The mucous membrane on each side of the nose is raised into three 
ridges by three spurs of bone (the superior, middle, and inferior turbi^ 
nates or conchae) which spring from the outer nasal wall. The interior 
of the nose is thus divided incompletely on each side into four com- 
partments or regions placed one above the other (see Fig. 13.62 and 
Fig. 6.3, p. 227). The lower three of these serve as air passages; they 
communicate with the outside through the nostrils and behind with the 
pharynx. The uppermost compartment is a narrow cleft lying immedi- 
ately beneath the anterior part of the floor of the skull. TTie olfactory 
receptors are embedded in a small patch of mucous membrane situ- 
ated on each wall of this narrow space, which is a blind pocket from 
which the main air currents are excluded. Air containing the odorous 
particles must therefore be carried to the olfactory mucous membrane 


642 THE SPECIAL SENSES 


either by diffusion or by convection currents set up when the inspired 
air meets the warmer air within the nose When, for example, we wish 
to smell some particular scent, we make a quick short inspiration or 
“sniff ” This sharp indrawing of the cooler outside air creates ascend 
mg (convection) currents which convey the scent to the sensitive area 
The materia] does not act directly upon the olfactory receptors but is 
first dissolved m the layer of fluid covering the mucous membrane — ^a 
fact which emphasues the similarity between the senses of taste and 
smell 

There are an almost infinite variety of odors, and it is very difficult 
to make a satisfactory classification, nevertheless, an attempt has been 
made to group them under the following eight headings 

1 Ethereal odors — e g , of fruits 

2 Aromatic or resinous odors — e g , of camphor, bitter almonds 

3 Fragroni or bafrauuc odors— -eg, of Cowers, extracted or artificial 
perfumes 

4 Ambrosial odors^ g , of musk 

5 Garlic odors— e g , o! garlic, onions, and of sulfur and selenium com 
pounds 

6 Burning odors— < g , of burning feathers, tobacco, roasted coffee, and 
meats 

7 Goal odors— ^ g , of caproic acid sweat and ripe cheese 

8 Foul odors— < g of excrement decaying meat, and vegetable matter 

It IS not possible to correlate the chemical nature of substances with 
the odors which they emit, for materials quite different in their chemi 
cal constitution may have similar odors, while others closely similar 
chemically may have quite different smells Certain sensations which 
we usually class as olfactory, such as those aroused by pungent and 
acrid substances are m fact due to the stimulation of the common 
nerves of the nasal mucous membrane 

The olfactory epithelium is composed of spindle shaped nerve cells 
distributed evenly among other elongated cells which are purely sup 
porting in function Both types of cell lie perpendicular to the epithelial 
surface (sec Fig 13 63) The nenc cells, or of/oc/o/y recepturj, give 
nse to two types of process — an axon and a modified dendnte The 
axons spring from the deep aspects of the cells and, combining in 
groups, form a number of slender bundles called the fila olfactona 
The dendrites are thick cylindrical processes, they penetrate, individu 
ally, to the surface through small gaps between the free ends of the 
supporting cells, except for these gaps, the supporting cells are joined 
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together lo form a continuous covering. Each dendrite, after emerging 
from between the supporting cells, divides into a tuft of some six or 
eight straight filaments which project a short distance beyond the epi* 
thelial surface. The fila olfactoria pass up through perforations in the 
floor of the skull and enter the olfactory bulb (Fig. 12.32), the pri- 
mary olfactory center. Here, the axons of the olfactory receptors syn- 


Fig. 13 63 Connec- 
tions of the ojfactoiy 
fibers m the olfactory 
bulb. Left, 1, recep- 
tors in olfactory mu- 
cous membrane, 2, 
supporting cells Right. 

3, olfactory receptors: 

4, olfactory nerves cn- 
tenng the cranial cav- 
ity through perfora- 
tions m the bone, 

5, connections with 
mitral cells. 6, mitral 
cells. 



apse with other neurons (mitral cells) which convey the impulses to 
the cortical center for smell situated in the hippocampal gyrus. 

The olfactory receptors adapt rapidly — that is, they soon cease to 
respond to some particular stimulus. It is common experience that an 
odor, though strong when first smelled, becomes imperceptible after a 
short time. This phenomenon of adaptation — a property which the ol- 
factory sense organs exhibit in common with several other types of re- 
ceptors — should not be confused with fatigue. That it is not simply a 
matter of fatigue of the olfactory mechanism is evident from the fact 
that, when some particular odor is no longer smelled, another odor is 
readily perceived. Some persons are unable lo smell certain odors at 
all, though there is no general impairment of the olfactory sense. Hy- 
drocyanic gas, for example, a powerful poison used in the extermina- 
tion of vermin, has a strong odor of bitter almonds, but is quite inodor- 
ous to a few people. 
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Cutaneous Sensations 

The sensations which can be aroused by stimulating the skin are five 
in number — namely, touch, pressure, pain, heat, and cold Touch 
may be defined as the sensation elicited by lightly brushing the skin 
with a wisp of cotton wool, or by pressing a stiff hair vertically upon 
the skin until it bends The latter method is used to test the degree 
of sensitivity to touch of a very small cutaneous area The apparatus 
consists of a series of hairs graded m thickness and, therefore, in stiff 
ness (von Frey s hairs) The one that causes a sensation, when pressed 
upon the skin with just enough pressure to bend it, gives a measure o! 
the tactile sensibility of the underlying skin (see Fig 13 64) 

If a more rigid object such as a match stick is pressed against the 
skin, the sensation aroused is one of pressure Pressure, though usually 
classed as a cutaneous sensation and often confused with touch, is, in 
reality, due to the stimulation of receptors (Pacinian corpuscles) situ 
ated in the subcutaneous tissues These sense organs are also found in 
other parts — e g , in the surface membranes of bones (periosteum), 
beneath tendons, and in the mesentery If the ngid object is pressed 
still more firmly into the skm or if the skin is pricked with a sharp 
pointed instrument such as a pin, pam is experienced 

The sensations of touch, pressure, beat, and cold are each dependent 
upon a special type of sense organ in which the nerv’e fiber tenmnaies 
after losing its neurilemma and myelm sheath The sensation of pain, 
on the other hand is transmitted by fibers which terminate as bare axis 
cylinders That is, the nerve fiber mediating pain loses its neunlemrna 
- and myelm sheath, but does not end in 

' T ” ~ * a structure of special design The re 

ceptors of touch, pressure, and tern 
perature each respond to one type of 
stimulus, but the nerve endings giving 

Fig 13 64 A Yoo Frey Juir (or nsc to pain re^nd also to any other 
esthesiomcter) for measuring ibe type of stunulalion — mechanical, 
sem,.,v„y o( the skm lo Much tlretncal, or chera.cat-prO- 

vided it is intense enough Thus the sensation of pain is protective in 
function, serving to signal a threat of injury to the body The several 
types of cutaneous receptor arc shown m Figure 13 65 

The different types of cutaneous sense organ are separated from one 
another by measurable distances By applying the appropriate stimu 
lus to points uj5on the skin, the positions of the receptors can be deter 
mined The small cutaneous areas mapped out in this way arc referred 
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to as “spots.” Thus, when the sensitivity of the skin to touch is investi- 
gated with a von Frey hair, the sensation is elicited only from certain 
points; these are called touch “spots ” while those which respond to 
heat or cold or to pain are called, respectively, hot, cold, and pain 
“spots” (see Fig. 13.66). The touch spots are most numerous over the 
tips of the fingers and in the mucous membrane of the tip of the tongue. 



Fig. 13 65 Cutaneous recepion. A, 
touch (Meissner’s corpuscle); B, cold 
(Krause’s end bulb), C, warmth (Ruf- 
fini’s end organ); D, deep pressure 
(Pacinian corpuscle), E, pain (bare 
nerve endings in cornea) . 


Fig. ]3.66 Map of cold 
spots, 1, and hot spots, 2, 
within an area on the 
palm The sensation in 
each case was most in- 
tense m the black areas, 
less so m the lined and 
mildest in the dotted areas. 
In the blank parts, no defi- 
nite sensation was aroused 
(After Goldscheider.) 


In cutaneous regions covered with hair — ^that is, almost the entire skin 
surface except the palms of the hands and the soles of the feet — the 
touch spots lie on the “windward” side of the hairs (the hairs slant in 
one or other direction like grass bent by a breeze). For this reason, 
light contact with the hair tips causes a sensation of touch The hair, 
when moved, acts as a tiny lever, transmitting the movement to the skin 
at its base; thus the touch end organ is stimulated. Pain fibers form a 
rich network in the skin; they also ramify within the hair sockets 
around the hair roots. 

The localization of cutaneous sensations is effected with remarkable 




646 THE SPECIAL SENSES 


accuracy The localization of touch is tested by bringing a wisp ol cot- 
ton wool or a von Frey hair m contact with the skin while the subject's 
eyes are closed, and then asking him to place a linger upon the spot 
touched Pam and pressure are also very accurately localized, but the 
sensations aroused by heat and cold arc more diffuse Cutaneous locah 
zation IS an acquired faculty, being developed through an associaiion 
previously established m the brain, between the point upon the skin 
and the muscular movement required to touch it In other words, it is 
based upon memories of muscular movements resulting from condi 
lioned responses to cutaneous stimuli 

Aristotle’s experiment illustrates our dependence upon experience 
for the interpretation of lacitle stimuli A small object, such as a pea, 
held between the adjacent sides of the first and second fingers is felt as 
one. because a touch stimulus when applied simultaneously to both of 
these surfaces has always in our experience been associated with but 
a single object But when the small object is held between the fingers, 
crossed as in Figure 13 67, the skin is stimulated at two points which 
experience tells us may be touched by two separate small objects but 
not by one alone The single pea is, therefore, felt as two Nerve cells 
of the cerebral cortex which receive impulses from 
the opposing sides of the fingers m their normal po- 
sitions are probably very closely connected, where- 
as those receiving impulses from the other sides of 
the fingers are not in such intimate association The 
dual nature of pain is described on page 475 
Spatial discrimination. This faculty is closely al- 
lied to the foregoing, it is ihe recognition of the 
separateness of two simultaneous stimuli For ex- 
ample, if the points of a pair of compasses an inch 
apart are applied to the skin of the forearm, a sin 
gle sensation is felt If the distance between the 
compass points is increased to one and a half 
inches or more, and applied as before, two distinct 
sensations arc experienced Two-point discrimina- 
tion IS a faculty of essential importance In acquir- 
ing information, through the sense of touch of the size, texture, and 
shape of various objects, it is indispensable This faculty varies consid- 
erably in different regions, being most highly developed in the cover- 
ings of the more mobile parts of the body— that is parts such as the 
fingers lips, and tip of the tongue, which have received the most 
practice in investigating the imm^iate environment 


in the sensory area 



Hg 1 3 67 Aris- 
loUes experiment 
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In Table 13 1 several different regions are compared with regard to 
the minimal distance at which two simultaneous stimuli must be sepa 
rated m order to arouse a double sensation 

Table 13-1 

Different regions compared as fo the minimal distance by which two 
stimuli must be separated in order to arouse a double sensation 

Afimwal distance 

Region m millimeters 


Tip of tongue 

1 I 

Palm side of finger tip 

23 

Red part of lips 

44 

Tip of nose 

66 

Palm of hand 

11 3 

Heel 

22 0 

Back of hand 

31 6 

Forearm 

39 6 

Middle of back, upper arm and thigh 

67 0 
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some of the primitive follicles, under the influence of the follicle- 
stimulating hormone (FSH) of the hypophysis, become, from time to 
time, mature. TvrO more layers of cells derived from the ovarian stroma 
develop around the original one encircling the ovum. The outer of 
these is fibrous and known as the theca externa; the inner layer, called 
the theca interna is more vascular and cellular in character. The cells 
of the original layer surrounding the primitive ovum multiply to form 
a mass several strata deep. This cell mass is soon separated into two 
parts by the collection of fluid — the liquor folliciili — near its center. 


Cell column Germlnol epnhelivnj 



Fig. 14.1 A section of the ovary. 

A heaped-up hillock of cells remains at one side of the follicle in which 
the ovum lies embedded, though separated from the surrounding cells 
by a clear, rather thick membrane called the zona pellucida. The 
heaped-up mass of cells just mentioned is known as the discus proli- 
gerus (L. proles, offspring + gero, I bear) or the cumulus odphorus 
(L. cumulus, a heap + oophorus, egg-bearing) . A single row of regu- 
larly arranged cells immediately encircling the zona pellucida is named 
the corona radiaSa. The other mass of cells, s^arated off by the YiquDi 
folHculi, is pressed against the wall of follicle which they line. They 
constitute the membrana or zona granulosa. As the follicle matures or 
ripens, it becomes distended by the accumulation of liquor folHculi and 
moves outward again to the surface of the ovary. It projects from the 
ovarian surface as a small cystlike oval swelling which eventually bursts 
and discharges the ovum. In women the discharge of an ovum, or ovm- 
lation, as it is termed, occurs at regular intervals of about 28 days (see 
p. 447). The cavity of the ruptured follicle becomes filled with a clot 
of blood which is soon replaced by a mass of cells filled with a yellow 
fatlike material called lutein. The cells are derived from the membrana 


650 THE PHYSIOLOGY OF REPRODUCTION 


granulosa and theca interna of the follicle The yellow mass filling the 
follicle IS called the corpus httetun (yellow body), it elaborates a hor- 
mone named progestin when refemng to it m pure ciystalline form, 
it IS called progesterone (Chap 10) 

The ovum itself, when discharged from the ovary, is immature 
Maturation occurs dunng its progress along the Htcrme or Fallopian 
tube The uterine lubes (called oviducts in animals) are two ducts, one 
on either side, possessing a trumpet shaped extremity with a fringed nm 
whichhesmcloserelationioiheovary (Fig 14 3) This expanded up 
per end of the uterine tube receives the ovum, which is then coniejcd 



Fjg 14 2 Drawing ol a Graafian follicle approaching malunty 


along the duct by the movement of the cilia in its mucosa, as well as by 
penstaltic contractions of its wall The uterine tubes open below into 
the upper part of the uterus (womb) Conjugation of the ovum with 
the male germ cell (spermatazoon), or fertilization of the ovum, as 
this event is usually termed, is thought to take place in the utennt 
tube In birds, the oviducts transmit the fertilized ovum to the exterior, 
but in the human body, and in the bodies of roost other mammals, it is 
delivered into the uterus 

The uterus is a hollow pear shaped organ though somewhat fiatieiied 
from front to back Its walls are formed of smooth muscle and lined by 
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mucous membrane; the latter is called the endometrium. The small 
narrower end, the neck or cervix of the uterus, is directed downward, 
opening by its mouth or os into the upper end of the vagina. The latter 
is a narrow shcathlike canal of muscle and mucous membrane which 



receives the male copulatory organ or penis. The fertilized ovum, upon 
reaching the cavity of the uterus, establishes connections with the uter- 
ine mucosa and develops into the fetus (p. 669). The reactions of the 
endometrium will be described in greater detail later. 

The growth of the uterus in the virgin state and during pregnancy. 
The virgin uterus reaches its full development at puberty as a result of 
the maturation of the Graafian follicles and the liberation of the follicu- 
lar hormone, estradiol. At this lime it weighs only 50 grams or less, but 
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crease in the number of fibers is due mainly to the action of 

progestin. The enlargement of the individual fibers, and the consequent 
great increase in the size of the uterus, is the result of the distension 
caused by the progressive increase in bulk of the fetus, a stretch stimu- 
lus being thus applied to the uterine muscle. The effect of this stretch 
stimulus upon uterine growth is modified after a somewhat complicated 
fashion by both estradiol and progestin. The growth of the uterine 
muscle ceases toward the end of the sixth month of pregnancy. But the 
fetus shows rapid growth from this time on, accompanied by a com- 
mensurate distension of the uterus. The stretch stimulus applied to the 
muscle fibers, though it elicits no growth response, induces other ef- 
fects which lead eventually to the termination of pregnancy (p. 674) . 

The strnctiue and development of the mammary glands, ’^e com- 
position of milk. The mammary glands of women, commonly known 
as the breasts, are composed of a mass of cells arranged to form fol- 
licles or alveoli which are drained by a branching system of ducts. The 
mammary tissue, capable of secreting milk under appropriate stimula- 
tion, is separated by means of partitions or septa of connective tissue 
into some twenty lobes in each breast (Fig. 14.4) . Each lobe is divided 
again into a number of lobules. The breast is surmounted at its center 
by a small conical eminence composed of erectile tissue and covered 
by darkly pigmented skin; it is known as the nipple, and is surrounded 
by a circular area of similarly pigmented skin called the areola. The 
whole mass of glandular tissue is embedded and covered by a variable, 
but often a very abundant, amount of fatty (adipose) tissue. In the ac- 
tive gland, the milk is secreted into the cavities of the follicles and 
drained away by the duct system. The milk is carried from each lobe 
by a single duct {lactiferous duct} to the nipple, from the apex of 
which it reaches the exterior through a tiny pore. 

The development of the mammary glands to the adult size and form 
commences at puberty. Their eofargement at this time is one of the 
chief secondary sex characteristics of the mammalian female. Before 
the age of puberty, the gland of the female shows little difference from 
that of the male either in the amount or in the histological appearance 
of the mammary tissue. In both sexes at this time, as well as in the adult 
male, the glands consist mainly of conective tissue with a limited num- 
ber of rudimentary collapsed follicles and a few scattered sparsely 
branched ducts. With the onset of puberty, signs of cellular activity 
(hyperplasia) appear in the female gland. The duct system becomes 
more extensively branched, though the follicles remain rudimentary. 
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Not unless pregnancy supervenes do the iatter become fully developed 
and capable, under ordinary circumstances, of secreting milk. There 
are, therefore, two periods in the growth of the mammary glands, the 
first at puberty and confined to the duct system. This is brought about 
by the action of the follicular hormone (estradiol, p. 450). The very 
active growth of the foWicles which is characteristic of the pregnant 
state, IS caused by progestin Due to the high concentration of estradiol 
m the blood during pregnancy, the duct system also receives further 
stimulation at this time TTiOugh milk is formed within the gland 
toward the end of pregnancy, none appears externally, as a rule, unuT 
the child or the young animal has been bora. The mechanism underly- 
ing the secretion of milk (lactation) has been described on page 454. 

Milk provides all the materials necessary for the growth of the infant 
up to the age of about 6 months. Human milk contains about 6 7 per- 
cent of sugar (lactose or milk sugar), 1 .5 percent protem (mainly lac- 
talbumin and cassein), and about 4 percent of fat. Its main mineral is 
calcium (approximately i gram per quart of cow's milk). But it also 
contains adequate amounts of phosphorus, sodium, potassium, and 
magnesium. The chief difference between human and cow’s milk is the 
higher concentration of protein (5.5 percent) in the latter. Both kinds 
of milk ate poor in Iron; it is for this reason that the infant after the age 
of about 6 months is likely to become anemic if fed upon milk alone. 
The baby comes into the world with a good supply of iron, but the 
stores of this mineral (derived from the hemoglobin freed by the disin- 
tegration of the excess of erythrocytes during the few days after birth) 
become exhausted after the first half year or so. The milk of healthy 
mothers usually contains the required amounts of vitamins A, B, and 
C, but tends to be low in vitamin D This is also often true of cow’s 
milk, and for this reason the diet of a child after 6 months of age — a 
time when rickets may develop — should be supplemented with some 
preparation of vitamin D, especially in the winter months. 

TTic various constituents of the milk are derived from the blood flow- 
ing through the gland. In a secreting gland the tat can be seen as micro- 
scopic globules within the cells of the alveoli As the globules collect 
and coalesce, the cells swell, and finally bursting, they discharge their 
load of fat into the center of the alveolus (Fig 14.4). This type of se- 
cretion, known as apocrine, is less common than that in which the cells 
extrude their product — saliva, for example — and remain intact. 

The menstrual cycle is described on page 447, the actions of the 
ovarian hormones on page 449, and of the gonadotrophic bonnones 
of the anterior lobe of the pituitary on page 452. 
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rhe Male Reproductive Organs 

The testes. These are the gonads or sex organs of the male and, 
herefore, correspond to the ovaries of the femMe. They are two ovoid 
Dodies which, in such animals as fish, frogs, reptiles, and birds, lie 
vithin the abdominal cavity. Even in the mammalian fetus they occupy 
[he position. Shortly before, or soon after birth, the testes of mammals 
descend and, leaving the abdomen, become enclosed in a small cutane- 
ous pouch, suspended from the pubic and perineal regions, and called 
the scrotum. In the human fetus the testes enter the scrotum two 
months before 'birth. 

The interior of the testis is a compact mass of narrow and very tor- 
tuous tubules — the convoluted seminiferous tubules. Fibrous parti- 
tions divide the testicular substance- into a great number of wedge- 
shaped lobes, each of which consists of from one to three convoluted 
tubules. The tubules of neighboring lobes unite to form a series of 
larger straight ducts which, Bpid.dym.. 

after a short course, unitcm s .„, \ |f 
a plexiform manner. The 
plexus — known as the rete 
testis — leads again into a 
number of ducts, small and 
straight at first, but which, 
after a short course, become 
enlarged and tortuous (Fig. 

14.5), and ultimately unite 
into a single large convolut- 
ed duct. This is called the 
epididymis; it is applied to 
the posterior aspect of the 
testis, its upper part or head 
being considerably larger 
than the lower part or tad. From the tail, a straight tube — the vas defer- 
ens — ascends along the posterior border of the testis to enter the abdo- 
men, wherein it joins the duct of the seminal vesicle of the correspond- 
ing side (Fig. 14.6). 

The seminal vesicles are two coiled tubes with sacculated walls, situ- 
ated between the lower part of the bladder and the rectum. The ejacu- 
latory duels are short tubes formed one on each side by the union of the 
duct of the seminal vesicle with the vas deferens; they open into the 
urethra (the canal of the penis) near the outlet from the bladder. 



Rg J4 5 t>}agram showing the structure 
of the intenor of the testis. 
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The seminiferous tubules are lined by several layers of cells. Those 
of the outennost layer — ^that is, the layer lying upon the basement 
membrane — are of two basic types, (a) spermatogcnic cells and 
(b) columnar cells. The former give rise through a series of divisions 
(p. 660) to the mature male sex cells (spermatozoa). The columnar 
ceils are supporting cells and are named the cells of Sertoli; they extend 
inward (ie., toward the center 
of the tubule) through all the 
other layers. The inner cell lay« 
crs forming the wall of the tubule 
consist of spermatogcnic cells 
showing various stages in the 
maturation process, those most 
advanced in development lying 
nearer the lumen of the tubule. 
The cells, as they mature into 
free-swimming spermatozoa, be* 
come detached from the tubule 
wall (Fig. 14.7). The spermato- 
zoon is about 0. 1 mm long; it has 
an oval flattened bead and a long 
tail-like process (Fig. 14 8) ty 
which it propels itself. The head is the essential part of the cell, con- 
sisting of a large nucleus surrounded by a narrow rim of protoplasm. 

The connective tissue lying between the convoluted tubules con- 
tains scattered cells with yellow granules in their cytoplasm. These arc 
called interstitial cells or the cells of Leydig. They are believed to fur- 
nish the male hormone, testosterone (p. 452). 

The spermatozoa are convey'ed from the convoluted seminiferous 
tubules along the complex system of canals, just described, to the epi- 
didymis. The spermatozoa show no spontaneous movements in the 
convoluted tubules, but become actively motile in the epididymis. As 
coitus nears completion and the climax or orgasm of the act occurs, 
contractions of the cpididyraus and vasa deferentia propel the sperma- 
tozoa through the ejaculatory ducts into the urethra. At the same time 
the seminal vesicles contract and expel! a viscous secretion. The semen, 
which this fluid with its suspension of spermatozoa is now called, is 
ej‘ected from the urethra with considerable force by the contractions 
of the urethral muscle and of striated muscle in the perineum. The ejec- 
tion of the semen and the movements which bring it about constitute 
the act of ejaculation. It is a reflex act of which sensory nerves in the 



Fig 14.6 Showing (he relation of the 
vas deferens, V, seminal vesicles, S, and 
prostate, P, to the bladder. B R, ure- 
thra. U. ureter, (Redrawn from Cun- 
ningham.) 
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penis are its afferent limb, and sympathetic nerves its efiferent limb. A 
thin secretion from the prostate gland and secretions of small urethral 
glands are added to the semen in the urethra. The secretion of the 
seminal vesicles appears to be essential for maintaining the life and mo- 
tUity of the spermatozoa, but the prostatIc secretion and the secretions 
of the urethral glands are not of importance in this respect; they prob- 
ably serve mainly as a lubricant. 

The spermatozoa, deposited in the upper part of the vagina during 
coitus, propel themselves upward by lashing movements of their tails 



Sp«rm4teganic 

««!(< 

Fig. 14.7 Cross section of seminiferous 
tubule showing spermatogenesis (semidia- 
grammatic). 


Fig. 14 8 A hu- 
man spermatozoon. 

A. front view, B, 
profile view. 

at the rate of about 6 inches per hour and, passing through the uterus, 
enter the uterine tube where fertilizaUon normally occurs. It is prob- 
able that contractions of the uterus during coitus may draw the semen 
into the uterine cavity. 

The head of the spermatozoon penetrates the ovum; in a short time 
its tail disappears and the changes described on page 663 follow. The 
semen contains an enzyme (hyaluronidase, p. 51) which effects the 
removal of the mass of cells (discus proligerus, p. 649) in which the 
ovum is embedded, thus facilitating its penetration. 

The life of the spermatozoon after it has been deposited in the vagina 
is from four to five days. The ovum, on the other band, if unfertilized, 
survives for only about seven hours; after this, it starts to degenerate. 
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Nalure, in her provisions for the conveyance of the ova to their desuna 
tton, has taken a rather hazardous chance Whereas the spermatozoa follow 
a completely closed course from the testes to their exit from the perns the 
trumpet shaped end of the uterine tube and the surface of the ovary arc 
not structurally continuous Sometimes the ovum fails to enter the tube 
but escapes into the pelvic or abdominal cavity where it may meet a sper 



Fig 14 9 Upper drawing a sectioa through the male pelvu to show the ^ 
tionship of the reproductive organs Below a cross section of the penis The 
bladder has been artiEcially distended 


malozoon Or after the ovum has entered the tube and been penetrated 
normally by a spermatozoon ii may be prevented from continuing fts 
journey to the utenne cavity Or again, the ovum and the spermatozoon 
may meet upon the surface of the ovary In the event of one of these sen 
ous mishaps occurring ptegoaii<ty takes place m the general abdominal 
cavity, on or within the ovary, or m one or other uterine tube This is 
called extrautenne pregnancy or ecioptc gesiaiion, or, more specifically, 
abdominal * tubal or ovarian pregnancy according to the site The embryo 
may develop to maturity in the abnormal situation, but more usually re- 
vere hemorrhage within the abdominal cavity occurs with death of the 
embryo and grave danger to the mother 

» Pregnancy occurring primarily to ihe abdomen ts rare Abdominal pregnaarfes 
arc usually secondary lo rupture of a lube >n which the pregnancy ongioally oc 
curred Ovarian pregnancy h also very nwc. 
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The penis. The copulatory organ of ihe male, the penis, is com 
posed of erectile tissue arranged as three longitudinal co]umns bound 
together by fibrous tissue, and covered with skin Two of the columnar 
masses, called the corpora cavernosa penis, he side by side on the up 
per or anterior aspect of the organ The third called the corpus caver 
nosim urethrae or corpus spongiosum penis, lies beneath the other two 
and IS canalized by the urethra The urinary bladder is evacuated 
through the urethra which also transmits the semen during coitus The 
extremity of the corpus cavemosum urethrae is expanded info a pyram 
idal structure called the glans penis, which is molded over the ends of 
the corpora cavernosa penis (Fig 14 9) 

Erectile tissue possesses a spongelike structure, showing a mesh 
work of wide blood spaces (cavernous spaces) These are fed by 
capillaries and arterioles and drained by small veins Smooth muscle 
fibers run in the walls of the blood spaces and surround their venous 
outlets To this construction of erectile tissue is due its peculiar prop 
erty, namely, the ability to alter m volume and consistency Erection of 
the penis is brought about in the following way The arterioles feeding 
the blood spaces dilate, and the muscle fibers in the walls of the latter 
relax The muscle guarding the venous outlets contracts thus tending 
to impede the outflow of blood The spaces of the erectile tissue are ex 
panded as the blood under high pressure is driven through them The 
organ, thus becoming turgid with blood, is rendered tense, hard, and 
erect 

The nerve fibers governing this mechanism are derived from the pel 
VIC (parasympathetic) nerves The sympathetic sends fibers which 
exert the reverse effect (contraction of the smooth muscle of the arten 
oles and in the walls of the blood spaces, accompanied by relaxation 
of that surrounding the venous outlets) with consequent relaxation of 
the penis 

The erectile organ of the female corresponding to the penis is called 
the clitoris It is situated above and just outside the entrance to the 
vagina Erectile tissue is also prescol beneath the mucosa of the vagina 
just within the vaginal orifice 

The prostate. This is a body about the size of a chestnut and some 
what conical in shape Its base is directed upward and lies m contact 
with the lowest part of the bladder It embraces the first H inches of 
the urethra The ejaculatory ducts pierce its upper and posterior part 
(see Fig 14 9) The prostate is composed of muscular and glandular 
tissues It secretes a thm fluid into the urethra 

Prostatic enlargement, with consequent interference with the pas 
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sage of urme, not uncommonly ocairs in men past middle age. There 
has been much speculation as to the cause of enlargement of the pros* 
tate, but so far the problem has not been solved. Some honnonal im- 
balance is thought to be the fundamental cause. 


The Processes of Reproduction 

Maturation of the sex cells. The sex cells in the course of their develop- 
ment to their mature form — spermatozoa or ova — ^pass through a se- 
nes of divisions which will now be described. 

The maturation of the male gametes — spermatogenesis. The young- 
est male gametes produced by the multiplication of the primary sex 



Fig 14 10 Spennatogeneiis The black bodies represent the chromosomw. X 

and Y are ibe sex chromosomes (see p 665) Only one autosome is shown in the 
spermatozoa, m man the total number of chromosomes is 46 


cells (primordial germ cells) arc called spermatogonia. They arc l^gc 
plump cells lying adjacent to the basement membrane of the seminifer- 
ous tubules 

The spermatogonia multiply by mitosis (p. 25) through several 
generations The cells produced in the final mitotic division pass into a 
growth period The large cells that result are called primary spermatcy 
cytes (Fig 14.10). At the end of the growth period, the latter again 
divide, but the division with respect to the arrangement of the chromo- 
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somes IS fundamentally different from that occurrmg m the mitotic 
process The chromosomes come into apposition in pairs but do not, 
as m mitosis, split lengthwise As a result of the mere contact, or synap- 
sis, of the chromosomes and their failure to divide, the diploid* 
number is maintamed and not temporarily doubled, as in mitosis 
When, therefore, the cell divides and two daughter cells, now called 
secondary spermatocytes, are formed, each new cell receives only half 
the number (haploid number) of chromosomes characteristic of the 
body cells of the species This type of cell multiphcation is called re 



duction division or meiosis and is peculiar to sex cells, occumng m no 
other type of cell The secondary spermatocytes, having received their 
haploid quota of chromosomes, now divide by mitosis The small cells 
so produced are called spermatids which, owmg to the splitting of the 
chromosomes, also receive the reduced number of chromosomes The 
spermatids, without further division are gradually transformed mto 
mature spermatozoa 

Maturation of the female gametes — oogenesis Tbe mituration of 
the primitive ovum or oogonium follows essentially the same course as 
that described for the spermatogonia, but there are certain differences 
The earliest stage m the maturation process is, as in spermatogenesis, 
the prbduction by mitosis of daughter cells with the diploid number of 
chromosomes 

The cells resultmg from the final mitotic divisions enter a penod of 
growth and are transformed into primury oocyres (Fig 14 II) Pro- 
duction of the latter is the last stage of maturation which occurs m the 

* See glossary for de&mtions of diploid uid haploid. 
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ovary • (Graahan follicle) After rupture of the follicle and the escape 
from the ovary of the primary oocyte the latter enters the utenne tube 
(or oviduct) If there met and penetrated by a spermatozoon it under 
goes further ripening otherwise it degenerates The resumed malura 
tion consists of the meiotic division of the primary oocyte and the pro- 
duction of cells containing the haploid number of chromosomes But 
unlike the corresponding stage of spermatogenesis the division of the 



Fig 14 12 Fert I talton o[ the ovum 


cytoplasm is very unequal one of the cells — secondary oocyte is 
large and functional the other is diminutive and functionless Tt is 
named the first polar body and soon degenerates The secondary 
oocyte divides by mitosis but again unequally to produce a mature 
o\ urn and a second polar body which like the first is a miniature and 
functionless cell which degenerates The first polar bodv also as a rule 
divides mitoticaliy at this time so that from each primary oocyte one 
mature egg and three small functionless cells are produced Each of 
the four cells conltins the haploid number of chromosomes The ovum 
IS now ready for penetration by the spermatozoon 


* AccortJ ng lo lome a horll ct Ihc ova of mosi veriebrJlcs progress n 
ovary lo a s age further thin ihai of the pr n ary oocylc anO n ihe human subject 
futlv matured in the ovary 
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Conjugation of the egg and ^crm cells. The unfertilized ovum ap- 
pears, in some unknown way, to exert an attractive force upon the 
spermatozoon which, by means of the lashing movements of its tail, 
reaches the female gamete. The head of the sperm penetrates the ovum. 
A change in the boundary wall of the ovum then occurs, which, as a 
rule, serves to prevent the entrance of other spermatozoa. The tail of 
the spermatozoon soon disappears, leaving the head containing the 
nucleus within the cytoplasm of the egg ( Fig. 14.12). The result is the 
fonnation of a single cell, which has a power for growth not possessed 
by either ovum or spermatozoon alone The single cell almost at once 
commences to divide and redivide. In this way are formed great num- 
bers of cells (see segmcniathn, p. 666), which do not separate from 
one another but are held together. Gradually, as they multiply and 
develop In various directions, tissues and organs of different structure 
and functions appear, until finally a new and complete individual is 
created almost identical with others of its species. Whether plant or 
worm, fish, bird, or man, nearly all forms of life other than the very 
primitive have developed from a single cell resulting from the union 
of sperm and egg (see parthogenesis, p 664). 

The conjugation of the male and female gametes is termed the fer- 
tilizaiion or impregnation of the ovum. The cell resulting from the 
union is then spoken of as the fertilized ovum, oosperm, or zygote. 

Changes in the nuclei of the conjoined cells. Almost immediately 
after the penetration of the ovum by the spermatozoon, the two nuclei 
move toward each other, come together, and finally fuse near the 
center of the ovum. Fusion is followed by the complicated changes al- 
ready described as characteristic of mitosis and which leads to masses 
of cells being produced. In the process of mitosis, the chromatin of 
each nucleus is not broken up into sections at random or in any hap- 
hazard fashion, but is always divided into precisely the same number of 
chromosomes characteristic of the body cells or primitive germ cells 
of the species, but double the number in a mature germ cell. In other 
words, the original (diploid) number which was reduced during mei- 
osis is restored by the fusion of the nuclei. The fused nucleus must 
therefore contain an equal number of maternal and paternal chromo- 
somes.^ These are important and fundamental facts in the mechanism 
of reproduction. 

* In some insects, such as the truil fly, the number of chromosomes in the body 
cells is 8, which are reduced to 4 in the sex cells. In certain species of worms, there 
are 12 in the body cells and 6 m the ova and sperms The mouse, the trout, and the 
Illy have 24 m iheir body cells and 12 m ihetr sea cells. Other forms of animals and 
plants have each a characteristic number, which may be as low as 4 or as high as 
168. There are 23 chromosomes in the ^metes of the human race and 46 in the 
body cells 
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Chromatin, of which the chromosomes are composed, is believed to 
be the essential procreative substance. Through it hereditary characters 
are transmitted, and upon its existence the perpetuation of the species 
depends. Yet it has been stated that the total quantity of chromatin 
contained in all the ova and sperms from which have been created the 
twO'billjon-odd persons inhabiting the globe could have been no 
greater in size than a match head. 

ParlhcnogenesL^— virgin birth. In some animal forms, especially 
certain insects, the females, though themselves produced from a fertil- 
ized egg, may for some generations lay eggs which are not fertilized. 
These spermless eggs, nevertheless, develop into the young of the spe- 
cies. In other words, the young of these generations have a mother but 
no father • To this mode of reproduction parthenogenesis, a term de- 
rived from the Greek word panhenos, a virgin, is applied. The drones 
(males) of the honeybee, for instance, are developed from unfertilized 
eggs of the queen. The female workers of the hive arise from fertilized 
eggs, which have been laid about the same time as the unfertilized. A 
frog’s egg, though under ordinary circumstances it must receive a 
spermatozoon before segmentation will ensue, may be induced to de* 
velop into a tadpole by artificial means. Pricking the wall of the ovum 
with a needle will statt segmentation, which ultimately results in the 
production of a fatherless frog.* 

Twinning. There are two ways m which twins may be concclv^; 
(1) by the fertilization of two separate ova, or (2) by the fertilUation 
of a single ovum. When two ova are fertilized — and this is the com- 
moner way — the offspring, known as fraternal twins, may be of the 
same or of different sexes and usually do not resemble each other 
more than might any two members of a family. ^Vhen two individuals 
are formed from a single ^gotc, the twins are always of the same sex 
and are remarkably alike. They are called Identical tivins and are 
formed by the division of the cell mass within the zygote into two dis- 
tinct parts, each of which develops into a separate child. Identical 
twins are contained within the same amniotic cavity and are on very 
rare occasions joined together, as in the case of the Siamese twins. 
Most animals produce their Jitters by the fertilization of several ova, 
but in some, such as the armadillo— little mammal possessing a hard 
covering resembling a coat of mail— <3nly one ovum is fertilized, and 

• 'Hje uafertilited egg ^vn off only twe polar bo<ty (see p. 661). 

» As a very rare event parthenogeoesb may occur In mammals, and Inc possi- 
bility o( its occuiTtnce in the human spedes has been seriously discussed. 
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the mass of cells within becomes divided into several smaller groups, 
each of which develops into a fetus. 

The determination of ser. It would be an inestimable boon to ani- 
mal breeders if the sex of the oSspring could be determined by arti- 
ficial means, or even if it could be predicted. Man’s ingenuity m this 
direction seems, however, to be forever checked. Had human interfer- 
ence been possible in the past, the history of nations, no doubt, would 
have run a different course. The sex of the newly created organism is 
fixed unalterably at the moment that the spermatozoon fertilizes the 
ovum. A pair of chromosomes (sex chromosomes) m the nuclei of the 
immature sex cells determines whether the zygote shall develop into a 
male or a female. None of the other chromosomes (aufosomes) exer- 
cises this function. In the male, the sex chromosomes are dissimilar, 
one, called the Y chromosome (Fig. 14 10), being usually smaller 
than the other. The large one is called the X chromosome. In the im- 
mature female sex cells, the sex chromosomes are identical and like the 
male X chromosomes. Now when the male sex cells develop into ma- 
ture spermatozoa and reduction division occurs — i.e., when the pairs 
separate — half of the sperm cells receive Y chromosomes and half re- 
ceive X chromosomes. If a spermatozoon possessing a Y chromosome 
conjugates with the egg, a male (XY) will be produced, if the sperm 
cell contains only X chromosomes, a female (XX) results Obviously, 
it is all a matter of chance what the sex of the offspring will be. When 
the gonads of the embryo develop, the influence of the testicular or the 
ovarian hormone encourages development along male and female 
lines, respectively. 

Hermaphroditism. The hormonal influence upon sexual develop- 
ment is sometimes seen in a very striking way in cattle when, as a result 
of a developmental anomaly in the circulations of twin embryos of 
opposite sexes, the blood of the two fetuses is permitted to mix. The 
female embryo then comes under the influence of the male hormone 
and abnormalities in its generative organs are induced. The uterus re- 
mains undeveloped and masculinization of other reproductive struc- 
tures occurs. Tlie masculinized female is called a freemartirt; it is 
sterile. Feminization of the male fetus does not occur. 

Some lower animal forms — certain worms, mollusks, Crustacea, etc. 
— ^Jike most plants, contain both male and female reproductive tissue 
in the same body. Sometimes both testes and ovaries are functional, 
producing spermatozoa and ova; sometimes only the testes or ovaries 
produce sex cells. This combination of the sex organs (gonads) is 
called hermaphroditism, and the mdividual an hermaphrodite (Gk. 
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god and goddess, Hermes and Aphrodite). An hermaphrodite may 
fertilize (p. 663 ) its own eggs or those of another. 

In man, hermaphroditism occurs as a rather rare developmental 
abnormality. The two types of tissue, testicular or ovarian, may be 
present as separate organs (testes and ovaries) or fused to form ovo- 
testes. The external sex organs — penis, clitoris, etc. — are indeterminate 
between male and female as a result of the double hormonal influence. 
Such a condition is called true hermaphroditism. It is of genetic ori- 
gin. On the other hand, only one type of sex gland, testes or ovaries, 
may exist, though the external genital organs show both male and 
female features This is called pseudohermaphroditism. It most fre- 


Fig 14.13 First 
stages of segnienta- 
ttoo of a mammalian 
ovum and the for- 
mation of the morula 
(semidiagrammatic). 
(Redrawn and modi- 
fied from Allen 
Tliomson ) 


queiitly has an endocrine basis Occasionally certain regions of the 
body, even an entire half, has male characteristics while other regmns 
or the opposite half are female Such persons are called g)nandro- 
morphs (Gk. gyni, a woman + anir {and-), a man + morphe, form). 
It is often difficult to decide m which sex a pseudohermaphrodite should 
be placed and, if a child, whether dress, education, training, etc , should 
be along male or female lines. Recently a means has been discovered 
whereby the dominant sex can be determined There is present in the 
body cells of females, but not in those of males, a dot of chromatin 
within the nucleus in contact with, or close to, the nuclear membrane. 
It is called the sex chromatin. By cxcking a small piece of skin and 
examining it microscopically for the presence or absence of this body, 
the real sex of the individual can be ascertained. 

Segmentation of the fertilized ovum and the development of the 
embryo. The ^gotc immediately divides into two Each daughter- 
cell again divides, and through a succession of divisions groups of 8, 16, 
32, 64, J28 cells, and so on appear. So, by a process of division and 
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rcdivision, large masses of cells arc formed, which ultimately produce 
a new individual. This process whereby the fertilized ovum undergoes 
repeated divisions is called segmentation or cleavage. With each cell 
division, the chromatin breaks up into chromosomes; and, as described 
above for mitosis, each chromosome splits into half, and an equal 
number of halves go to each new nucleus. All the cells resulting from 
the long series of divisions which occur in the development of the off- 
spring must therefore contain the same number of chromosomes as 


Fig 14.14 The 
blastocyst. On left, 
diagram showing the 
segregation of cells 
of the morula into 
an outer and an in- 
ner group. (After 
Simon.) On right, 
formation of amni- 
on, A, and yolk sac, 
Y. (After Bryce ) 




did the original fused nucleus of the fertilized ovum, and each receives 
chromatin material from both parents. 

In the earlier stages of embiyonic development of the vanous mam- 
malian species, cell multiplication follows a common pattern. At first 
a rounded, mulberrylike mass of cells is formed, called the morula 
(L, diminutive of morus. a mulberry) The morula soon differentiates 
into an outer and an inner group of cells (Figs. 14.13, 14.14, and 
14.15); fluid collects within it. The fertilized ovum at this stage is 
called the blastocyst. The outer group of cells now pressed excentn- 
cally to form an annular wall is called the trophoblast (Gk. trophS, 
nourishment -t- blastos, germ or primitive form) because through its 
agency the blastocyst receives nutriment from the mother. The tropho- 
blast later develops numerous fnngelike processes which gives the 
ovum a shaggy appearance. These processes grow larger and branched 
and are now known as chorionic villi; the outer covering of the ovum 
from which they arise is called the chorion. The more centrally situated 
mass of cells becomes so disposed as to form the walls of two sacs — 
the amnion and the yolfc sac (see Plates ISCand 16A, and Fig, 14.14), 
The cells of the area over which the amnion and the yolk sac come into 
contact multiply to form a plaquelike elevation called the embryonic 
shield or disc, from which the body of the embryo is developed. The 
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cavity of the amnion enlarges and comes to enclose the embiyo, the 
sac expanding until it comes into contact with the inner surface of the 
chorion. The yolk sac shrinks and almost disappears. 

When the embryonic shield is no more than 2 mm or so in diameter, 
its cells become arranged in two layers, separated by a narrow space. 
The outer of these layers is called the ectoderm, and the inner one the 



Bg. 14.15 Photo- 
graph of an 8-day-oI(J 
blastocyst of a monkey 
attach^ to the mucous 
membrane of the uter- 
us. The lighter area 
within is ine embryo 
itself. (After Heuser 
and Streeter, Conirlbu- 
lions to Embryology, 
479, Carnegie Institute 
of Washington, 1937.) 


entoderm. A little later, a third layer appears in the space between the 
other two; it is known as the mesoderm. From these three germ layers, 
to give them their collective name, all the structures of the body are 
ultimately formed (Fig. 14.16). *ntc nervous system, the greater part 
of the eye, the salivary glands, the skin, the epithelial lining of the nose 
and part of the mouth, and the dental enamel originate from the ecto- 
derm. The mesoderm gives rise to the skeleton and the muscles (both 
striated and nonstiiated), the heart, blood vessels, and blood, the lym- 
phatic system, the kidneys, the urinary bladder (with the exception of 
its epithelial lining), and the connective tissues. From the entoderm 
are developed the epithelial linings of the alimentary and respiratory 
tracts exclusive of those parts derived from the ectoderm, the epithe- 
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Hum lining the urinary bladder, and the secreting (epithelial) cells of 
the liver and the pancreas, and of die parathyroid and thyroid glands. 

The earlier of those changes just descried — up to the stage of 
the blastocyst and the development of the trophoblast — take place in 
the Fallopian tube while the blastocyst is being propelled toward the 
uterus by ciliaiy action and peristaltic movements of the tubal walls. 
Between the third and the fifth days after fertilization of the ovum the 
blastocyst enters the cavity of the uterus. Through the destructive effect 
that the trophoblast exerts upon the uterine mucosa and the reac- 
tion set up in the latter, the ovum is enabled to embed itself and, like a 
parasite, obtain nourishment from the maternal tissue. The activity 
shown by the uterine mucosa at this time consists of multiplication of 
the surface epithelium and elongation and hyperplasia of its glands, 
together with dilatation and twisting of its vessels. A special type of 
uterine tissue is thus produced called the decidua because it is shed 
after the birth of the offspring (PI 16A) These changes in the en- 
dometrium commence before the blastocyst reaches the uterus, or after 
ovulation, even though feriilizalion has not occurred (see p. 450) 
They are dependent upon the action of progestin (progesterone) 



Fig. 14.16 The germ layers. 

This hormone also diminishes the irritability of the muscle of the 
uterus; any contractions of the muscle which might occur to disturb 
the secure implantation of the blastocyst are suppressed. Hyperplasia 
of the uterine muscle, as mentioned on page 450, also occurs at this 
time. 

In Figure 14.17 a fetus at the age of 8 weeks is shown completely 
enclosed within the amniotic cavity. Most of the chorion has been cut 
away. The chorionic villi have disappeared except where the chorion 
is attached to the uterine wall, in which situation they have increased 
greatly in size and complexity. They are surrounded by spongy masses 
of decidual tissue consisting largely of blood spaces; thus the embry- 
onic and the maternal tissues are intimately interlocked. The chorionic 
villi, which are supplied through a rich vascular system with fetal 
blood, are bathed by the mother’s blood. The structure formed by the 
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union of the maternal (decidua) and embryonic tissues is called the 
placenta When fully grown, the placenta is a disc shaped mass which 
occupies a third or so of the uterme wall (Fig 14 18) Though the 
fetal and maternal circulations come into the most intimate association 
in the placenta, the blood m the two sets of vessels does not mix, the 
delicate capillary walls of the chorionic villi are interposed Oxjgea, 



Rg 14 17 Showing the fetus at age of about 8 wecLs 
enclosed in the amnion magnified a litllc over 2 diam 
eters (After Thomson from Gra) s Anatomy ) 


food matenals etc , are transferred across the walls of the chorionic 
vessels from the mother to the fetus and carbon dioxide and other 
waste materials from the fetal to the maternal circulation Thus the 
placenta servw the respiratory, nutntional and excretory functions of 
the fetus 

The law of recapitulation or biogenesis The vertebrate embryo from 
the earliest stages of its development tends to recall or recapitulate m 
a more or less vague way the forms of its ancestors from a remote pc 
nod m its evolutionary lustory This is hnown as the law of recapitula- 
tion or biogenesis For example the embiyo of the human species or 
of any vertebrate commences rls existence as two cells (ovum and 
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sperm) fused into a smgle one Some unicellular forms reproduce by 
a similar preliminary fusion of their bodies The segmentation of the 
fertilized ovum with the formation of the morula is identical with that 
seen m the development of many of the most pnmitive forms of life 



LO«ER UIB 

Fig 14 18 Drawing of a human embryo A, at the age of 51 weeks (about 
8 mm Jong), and of a monkey embryo B, of about the same age C, enlarged 
drawing of the five branchial arches and clefts The inner aspect of the throat 
region is exposed to show the pharyngeal pouches 

Again, in the early vertebrate embryo, including the human, a senes 
of five arched ridges appear in the entoderm of the primitive pharynx, 
corresponding elevations are to be seen on the surface (ectoderm) of 
the neck The arched ridges have a core of mesoderm, and are known 
as the branchial or visceral arches, the depressions or furrows between 
them on the outer aspect of the neck are called the branchial clefts, 
the furrows (cntodermal) m the pharynx betW’Cen the arches are re- 



672 THE PHYSIOLOGY OF REPRODUCTION 


ferred to as the pharyngeal pouches (Fig 14 18) The branchial 
structures are found in ali vertebrate embryos From them the respira 
tory apparatus of fish is developed, the tissue between the arches (bran 
chial clefts and pharyngeal pouches) disappearmg to leave slits uhich 
establish communications ^tween the pharynx and the extenor In 
the fish the arches (with the exception of the most headward one 
which goes to form the jaw) develop rich capillary plexuses which, 
with the supporting tissue, constitute the gills Water taken into the 
mouth and pharynx is ejected through the slits and passing swiftly over 
the gills, gives up oxygen to the blood in the capillary vessels and re 
ceives carbon dioxide in return Obviously a respiratory apparatus of 
this nature would be quite useless to an air breathing animal But the 
branchial arches of mammalian embryos, which seemingly at first are 
designed for the development of gills, are devoted to other purposes 
They enter into the formation of the lower jaw, the muscles and bones 
of the face, the structures of the neck, the ear, mouth, pharynx, and 
the thyroid and laryngeal cartilages The branchial clefts disappear 
almost entirely, but the entoderm of the pharyngeal pouches gives nsc 
to the thymus, the parathyroid glands and part of the thyroid gland 

Other examples to illustrate the law of recapitulation, such as the 
persistence in the human adult of the useless ear and tail muscles and 
the outmoded vermiform appendix, may be mentioned Again, the 
heart of the early embryo is a simple tubular structure as in fish, but 
later, u becomes bent upon itself and develops separate chambers For 
a short time it closely resembles the heart of an amphibian such as the 
frog, possessing a smus venosus and other features of the cold blooded 
heart 

As development proceeds, the human embryo ascends, as it were, 
the evolutionary ladder passing rapidly over the lower rungs, more 
slowly over the higher For some lime it resembles its mammalian 
kind, not until about 6 weeks after fertilization of the ovum does it 
show distinctly human charactcnsucs The human embryo possesses 
a tail which only commences to disappear in the seventh week * 

The fetal circulation. The fetal heart drives the blood which has 
a low content of oxygen and a high content of carbon dioxide, to the 
placenta through two vessels — ^thc umbihcal arteries The oxygenated 
blood IS returned from the placenta to the fetus by a single vessel — the 

umbilical vein {scc?l 16A) The umbihcal vessels run together, coiled 
or twisted with one another and coscred by a soft jellylike substance, 

• A child h sotneiimes bom with a tail but It is a developmental anomaly ol 
extreme ranty 
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to constitute the umbilical cord. This enters the body of the fetus about 
the middle of the abdomen; its point of entrance is marked in after 
life by a circular, depr^sed, and puckered area of sjfin called the navel 
or umbilicus. 

The oxygenated blood of the umbilical vein passes, in part, through 
the liver to enter the i>i/er/or vena cava of the fetus, but the greater 
proportion pours directly into the inferior vena cava, wherein it mixes 
with blood reluming from the lower limbs and abdomen. This mixed 
blood empties Into the right auricle; most of it is then directed through 
an opening in the intcrauricular septum, called the foramen ovale, to 
the left side of the heart, but a much smaller part passes into the right 
ventricle. The blood which passes through the foramen ovale, upon 
reaching the left ventricle, is discharged into the aorta; a part is dis- 
tributed to various parts of the body; the remainder is carried by the 
umbilical arteries to the placenta, where it is reoxygenated from the 
mother^s blood. 

The blood returned from the upper part of the body (head and neck, 
upper limbs and thoracic walls) enters the right auncle through the 
superior vena cava. It then passes into the right ventricle (without 
mbcing, apparently, with the stream from the infenor vena cava pass- 
ing to the left auricle through the foramen ovale). Upon reaching the 
right ventricle, it is pumped into the pulmonary artery, but only a 
small proportion is distnbuted to the lungs — an amount sufficient only 
for the nourishment of the pulmonary tissue. The greater part is short 
circuited, through a vessel known as the dticius arteriosus, into the 
aorta. Thus the great bulk of the blood delivered to the right side of 
the fetal heart is “shunted” to the arterial side by the short cuts pro- 
vided by the foramen ovale and the ductus arteriosus. 

With the first few respirations, the lungs of the newborn child are 
expanded, and the course of the circulation becomes altered to meet 
the requirements of an air-breathing organism leading an independent 
existence. The foramen ovale closes and the channel afforded by the 
ductus arteriosus becomes obliterated. All the blood reaching the right 
auricle is now directed through the pulmonary circuit. The umbilical 
vessels shrink and are converted to solid cords. One or other or both 
of the circulatory adjustments which direct the blood through the lungs 
at birth may fail to occur. If the ductus arteriosus remains pervious 
part of the arterial blood, owing to its higher pressure, is driven 
from the aorta into the pulmonary artery; also, if the foramen ovale 
does not close, blood may pass from the left to the right auricle. These 
abnormalities cause, as a rule, little or no cyanosis. But in other types 
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of circulatory defect, such as a large gap in the interventricular sep- 
tum combined with narrowing of the pulmonary artery, the subjects 
52^^2JJc4JlbIue_|jghies’i — &howjntense,cyanosis. 

If tfie reader has followed the rather intricate course of the fetal cir- 
culation. he will have observed that the fetal tissues are never furnished 



Fig 14 19 A comparison of (he dissocia- 
tion curves of fetal and maternal hemo- 


with fully artenalizcd 
blood; the blood is alvvajs 
less saturated with oxygen 
than the arterial blood after 
birth Yet strange to say, 
the blood returning from 
the placenta — that is, the 
blood in the umbilical vein 
— has a higher oxygen sat- 
uration than the maternal 
blood in the placenta— the 
only source from which the 
fetal blood can obtain oxy- 
gen. This physiological 
paradox has been explained 
by the discovery that the 
oxygen dissociation curve 
of fetal hemoglobin is dif- 
ferent from that of animals 
in postnatal life (p. 250). 
The oxygen dissociation 


, ^ curve of the blood of the 

^us IS steeper than that of the moUier— that is. it lies more to the left, 
inis means that at a given oxygen pressure (tension) the fetal blood 
absorbs a greater volume of oxygen than can the mother’s blood, or 
tlmn the baby’s blood will be able to absorb after birth (see Fig. 14.19) 
rough such a provision the fetus is more adequately furnished with 
oxygen than would otherwise be possible. 

Pregnancy and parturition. Pregnancy or gestation is tlie term ap- 
P period in the reproductive cycle occupied by the growth 

and development of the new organism within the body of the mother 
—that B, from the fertilization of the ovum (canceplian) to the birth 
o e young animal (parturition). Most of the structural and physio- 
logical adaptations of the pregnant state, such as the fertilization and 
imp anlation of the ovum, and the enlargement of the uterus and the 
growth and development of the mammary glands, have been touched 



THE PROCESSES OF REPRODUCTION 


675 


Upon elsewhere in this chapter. In a book of this scope little more re- 
mains to be written. 

Pregnancy in the human race has a duration of about 280 days, or 
from 9 to 9i months. From the fertilization and implantation of the 
ovum to the eighth week the product of conception is called the em- 
bryo; from this tune until birth it is referred to as the feius From about 
the middle of pregnancy onward, movements of the fetus occur of 
which the mother is aware, they are referred to as quickening. Suck- 


Fig 14 20 Show- 
ing the usual posi- 
tion of the fetus 
just before birth. 
The umbilical vem 
(fclacil:) Carnes oxy- 
genated blood from 
the placenta to the 
fetus, (he two 
umbilical arteries 
(white) carry re- 
duced blood from 
the fetus to the pla- 
centa 



ing and spasmodic movements of the chest resembling those of respira 
tion have been observed in fetal animals The unborn child lies within 
\\a sat formed by ibt ammon and tborvomt ratmbrant, subnvtrgtd 
in a fairly large body of fluid (liquor amnti) which serves to protect 
it from sudden jars or injuries from the outside world. This mem- 
branous sac fills the uterus, and is considerably larger than the fetus 
itself which is thus permitted a certain freedom of movement. 

Toward the latter part of pregnancy, the unborn child usually takes 
up a position with its head directed downw-ard and, most frequently, 
Us posterior part (occiput) pointing forward and to the left (Fig. 
14.20). It IS fitted in this position into the cavity of the pelvis. The 
descent of the fetus is aided very materially by previous softening of 
the ligaments and capsules about the pelvic joints which are loosened 



676 THE PHYSIOLOGY OF REPRODUCTION 


thereby and rendered more pliable. Indeed, this is a process essential 
for normal childbirth. The birth of the child is brought about by strong 
contractions of the uterine muscle, aided in the later stages by volun- 
tary contractions of the abdominal muscles. The contractions of the 
walls of the uterus, weak at first and of short duration, become stronger 
and more prolonged m an hour or two; they cause molding of the in- 
fant’s head and gradual dilatation of the outlet of the uterus with draw- 
ing up and disappearance of its neck or cervix; at the same time the 
vaginal walls become more pliable and distensible (Fig. 14.21). Later, 



Fig. 14 21 Show- 
ing the thinning ot 
the lower segment 
of the titenJS and the 
dilatation of the out- 
let during the first 
stage of labor, Ltlu 
before the com- 
mencement of labor, 
right, toward the end 
of the first stage 


tl\e membranous sac enveloping the fetus bulges into the vagina, and 
after a time ruptures, a part of the amniotic fluid then escaping. When 
the canal from the uterus to the exterior has enlarged sufficiently to 
allow the passage of the baby’s head, the latter is expelled by power- 
ful contractions of the uterus, accompanied usually by contractions 
of the abdominal muscles. The rest of the child’s body follows almost 
immediately. 

For a tune the newborn babe still remains attached to the interior 
of the uterus through the umbilical cord and placenta (Fig. 14 22). 
The physician ties the cord with tape close to the baby's body and 
divides it on the mother’s side of the tape Not until 1 5 or 30 minutes 
later is the placenta, and the attached sac composed of the chorionic 
and amniotic membranes expelled. The placenta and membranes arc 
commonly referred to as the afterbirth. Labor or parturition is the term 
given to the scries of events bringing about the emptying of the uterus 
and the termination of pregnancy. 

A consideration of the factors determining the ortset of labor . The 
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lermmation of pregnancy at the usual time is not due to a single factor, 
but to several. A sufficient number of these factors are known to en- 
able us to draw in outlme a picture of the mechanism leading to the 
precipitation of labor. The picture must of necessity be incomplete and 
many details left blank to be filled in when more knowledge has been 
gained. 

It has been stated (p. 653) that the growth of the uterus ceases be- 
tween the sixth and the seventh months of pregnancy, this is attributed 


Fig 14 22 The uter- 
us and child immedi- 
ately after birth Note 
the separation of the 
placenta and the com- 
mencement of the 
perfmg off of the 
membranes 



to the rise, from this time onwanl. of the concentration in the blood 
of estradiol which has an inhibitory efiect upon the growth response 
of the uterus to distension. But the fetus is growing rapidly at this 
time, and the distension of the uterus now takes place in the long axis 
of the organ. The tension set up in the uterine tissues tends gradually 
to compress, nanow, and finely obliterate many vessels supplying 
blood to the placenta. Degenerative changes proceed in the latter, and 
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Ihe nutrition of the fetus ‘suffers, it must be released and take on a ncft 
mode of existence if U is to sucvi\e At the same tune the output of 
placental hormones is reduced and the corpus luteum undergoes de 
generation Thus the depressing effect of progestin upon the irritability 
of the uterine muscle — an effect veiy necessary in early pregnancy— 
IS withdrawn The high concentration in the blood of estradiol further 
increases uterine irritabiUty and thus enhances the tendency of the 
uterus to contract under slight provocation Estradiol also raises 
the sensitivity (lowers the threshold} of the uterus to the action of the 
oxytocic principle of the posterior lobe of Ihe hypophysis A further 
word should be said about this latter principle Its liberation is appar 


INCREASE IN ESTAOlOC CAUSING 


1 CESSATION OF UTERINE GROVmt 

2 INCREASED IRRlTASIUTY OF MUSCLE 

3 INCREASE SENSITIVITY TO OXYTOCIC PRINCIPLE 



REMOVAL OF INHIBITORY EFFECT OF 
PROCESim ON IRRITABILITY OF 
UTERINE MUSCLE 


ELONGATION OF UTERUS |7 9 mo 1 

1 INTERFERENCE WITH PLACENTAL 
BLOOD SUPPLY 

2 STRETCH STIMULUS CAUSES 
INCREASED IRRITABILITY OF 
MUSCLE 


Fig 14 23 Diagram summaming ihc factors leading to the onset of 
tabor 


ently under nervous control for m animals stimulation of the vagina 
or utermc cervix causes contractions of the uterus, a response which 
does not occur if the stalk of the hypophysis, along which nerve fibers 
reach the posterior lobe, has been first divided An oxytocic substance 
is found m the blood and unne of iromen m labor, though there is a 
strong suspicion that this substance is derived from the hypophysis, 
such has not been definitely established For this reason, it is not pos 
sible to estimate accurately the importance of the oxytocic principle 
of the pituitary body in the mechanism which brings on lator Fur 
Ihermore, though la^r is sometimes prolonged and difficult m animals 
after hj pophyscctomy, m other cases the young are bom easily and 
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withm the usual time after the pituitary has been removed. It can 
therefore be said, at any rate, that the pituitary principle is not abso- 
lutely essential to the labor mechanism (see Fig. 14.23). 

A few facts in the physiology of the fetus and the nc^^bom child. 
The beating of the fetal heart can be heard in the later part of preg- 
nancy by means of a stethoscope placed on the mother’s abdominal 
wall over the uterus. The heart rate runs from 140 to 200 per minute. 
In the new born it is around the former figure. The respirations of the 
new born are from 30 to 35 per minute, as compared wiih the adult 
rate of from 18 to 20. The liver as well as the kidnejs of the new bom 
are functionally immature The infant’s urine, like that of certain 
lower orders of animals (e g , the frog) is hypotonic, indicating that 
the ability possessed by the adult kidney to concentrate the glomerular 
filtrate has not yet been acquired (see Chap 7) The high erythrocyte 
count with which the baby comes into the world and the difference be- 
tween the hemoglobin of the fetus and that of the new born or of the 
adult have been mentioned elsewhere The destruction of the excess of 
red cells shortly after birth, combined with the functional immaturity 
of the liver, accounts for the slight jaundiced tint of the skin some- 
times seen in the newborn infant The intestine of the new bom con- 
tains a dark brown or black tarry material known as meconium; it is 
quite sterile, and for this reason, the baby, if it does not receive vita- 
min K from the mother in suflicient amounts before birth, may suffer 
from hemorrhages which are sometimes fatal (see p 397) After the 
first day or so of the infant’s life, the danger passes, for by this lime 
bacteria capable of synthesizing the vitamin have reached the intestine 
in the food, or have been carried from the mouth in the saliva; the 
hemorrhagic tendency is thus corrected 

Most unconditioned reflexes are well developed at birth The ac- 
commodation reflex of the eye is, however, usually m abeyance; and, 
since the corticospinal tracts of the brain and spinal cord arc not fully 
developed, the plantar response (p 519) is of the extensor ijpe (Ba- 
binski response). 

The puerperium or puerperal period. This is the period following 
the third or final stage of labor during which the mother is recuperat- 
ing, and the uterus with the other structures of the birth mechanism 
are being restored to the nonpregnant state. Immediately following the 
expulsion of the placenta and fetal membranes (afterbirth), the uterus 
contracts down to a firm rounded body which can be plainly felt by 
a hand pressed upon the mother’s abdomen This strong gripping con- 
traction compresses the open mouths of blood vessels and vascular 



^80 THE PHYSIOLOGY OF REPRODUCTION 

spaces in the utenis, and is essentia! to prevent excessive bleeding. In- 
termittent uterine contractions at this time may be distressingly painful 
(“after pains”). In the days which follow, the uterine muscle shrinh, 
the redundant tissue being absorbed, and the uterus returns nearly to 
its virgin size. This process, which is called the involution of the uterus, 
is accompanied by a gradually'lessening vaginal discharge consisting 
chiefly of blood and endometrial debris. The completion of the process 
of involution, which takes from 6 to 10 weeks, marks the end of the 
puerperal period. 

The secretion of milk becomes well established usually by the end 
of the first day or so, and if the baby is put to the breast, the act of 
sucklmg stimulates contractions of the uterus and encourages its in- 
volution. 

The two chief dangers of the puerperal period arc hemorrhage and 
ia/cct/oa. 



Glossary 


Pronunciation. The vowel aound of an accented syllable is indicated by the 
position of the accent mark, if the vowel is long the mark immediately follows 
It, if short, the mark follows the consonant Thus, in ab'scess, the a is short, 
whereas m adtnt/ma the o is long Vowel sounds in all unaccented syllables 
unless otherwise indicated are short Further informaiion on pronunciation is 
given by the mark - or above the vowel letter, or m round brackets foUowmg 
the word 

Plurals are given after the word separated from it by a dash 
Denvations are withm square brackets, the following abbreviations are tised 
"B, French G , Greek Get . German ll, Latin }AE , middle English, Med , 
medieval OE., eld English fr , from, prec , preceding (item) , foil , following 
Only those words are listed that have not been desenbed adequately is the 
text, or have been mentioned before they have been fully explained 

A, as [privative, Greek negative, meaning the absence or removal of something, 
fr L privatio, depnve] Used as a prefix (a before a vowel and an before a 
consonant), in words derived from the Greek, to indicate negation. 

Ab* [L from] A prefix meamng away from, off 

Ab’oral [L ab away from + os (or-), mouth] In a direction away from the 
mouth 

Ab'seess [L abscessus, going away] A orcumsenbed area of tissue, usually 
accompanied by the signs of acute inflammabon, and contammg pus Cold 
abscess is one not showing the ordinary signs of inflammabon, it is usually 
tuberculous 

Accessory food factors. Old term for vitamins 

Acidophil, acidoptule (acid + G phtlos, fond] Having an affimty for acid, 
oxyphil 

Ad [L] A prefix meaning to toward, or a suffix mdicabng m a direcbon to- 
ward a part as designated by the mam part of the word, such as caudad 
toward the tad, or cephalad toward the head 
Adapta'bon. The failure to respond to a stimulus which has been applied re- 
peatedly for some time Thus, the ticking of a clock is after a time unper- 
ceived, and the pressure and rubbing of the clothes against the skin is dis 
regarded This Is a property of receptors but not of nerve fibers 
Adeno'raa [G aden, a gland + oma, mdicabng a tumor] A tumor of glandular 
tissue 

Adrenalec'tomy [adrenal + G ektome, excision] Removal of the adrenal glands 

681 
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AdTeno]}^ic [adreno (adrepaf) + G lysis (/y/-). solution] Reremng to the 
^cUon o( certain agents vihi<^ aonut tbe eftccts of adrenaiine 
Adsorp'lion [L ad, to + C sorbo, to suck up] The attraction and adhesion of 
minute particles to the surface of a solid 
/l^goph'ony IG aix (flig), a goat + phone, voice] The sound like a goat bleat 
ing heard tn auscultation of the chest n\ certain diseases of the lungs 
AeroTiIc [Q aer, air + bios, life, manner of living] Referring to respiration and 
other processes carried on m the presence of oxygen 
Ag'mlnated [L agmen (agmin), a multitude] Aggregated, arranged in clusien 
Agno'sla IG ignorance, fr a, privative + gnosis, knowledge] A condition allied 
ta aphasia, due to a cecehti lesioo, tn which the patient does not know the 
meaning of the sounds that be hears (auditory agnosia), or recognize the 
nature and use of ordinary things that he sees (visual agnosia), though h!s 
hearing and sight may be perfect 

Agraa'ulocyto'sls [G a, privative + granufacyte + osts, a state or condition] A 
disease, often fatal, characterized by an almost complete absence of granulo- 
cytes from tbe circulation Since these cells are of such importance in the 
defense of the body against the inroads of bactena. severe uncontrollable in- 
fections may result The disease is often caused by certain synthetic drugs or 
anLbiotics which poison the bone marrow and suppress its function 
Agraph'la IQ a, privative +• grapko, to write] A condition allied to aphasia jn 
which the patient cannot express himself in wnung, or write from dictation. 
Aldos'terone. A steroid hormone obtained from the adrenal cortex which has 
a more pronounced effect than has desoxycorticosterone upon the metabolism 
of water and salts (sodium and potassium). 

AH’ergy (Q ei/or. other + ergon, work] HyperseDsitivitylocerfclnagcnij,eg, 
pollen, iQ hay fever 

Alve'olus of tooth [L diminutive of alveus, a trough] A tooth socket 
Amne'sia IG a, privative + mnimi, memory] Loss of memory due to cerebral 
lesion 

Am'phl-, «nph»- [Q on both sides, around, both] A prefix tn words of Greek 
ongin meaning on both sides, around, surrounding, both 
Amphoter'ic IG ampho, both] Referring to compounds, such as the amino acids 
that can act either as an acid or a base, depending upon the pH of the me- 
dium in which they are diswlved 

Ampulla IQ a double bandied bottle] A saclike dilatation of a tube or canal, 
e g , a semiarcular canal of the inner car 
Ana- IG up] A prefix in words of Greek ongia meaning up 
Anabolism (Q anabale, a building up. fr ana, up -f bole, to throw] The meta- 
bolic process es involved In the synthesis of compounds, as in growth. 
Aoaero'blc IG an privative -h aerobic] Rcfemng to respiration or other process 
earned on in the absence of oxygen 

An'alogue Ifr G ana logits, analogous] An organ, or part, of one species which 
though differing more or less in structure from that of another species is simi- 
lar m function, e g , the hoof of a horse and tbe fore part of the human fool 
Anastomo'sis IG to furnish with a mouth (itomo)] The junction between the 
branches of two nerves or artenes either produced naturally in development 
Or by surgical operation or the surgical union of two hollow organs e g.. 
inieslme to stomach, intcstioe to intestine, ureter to colon, etc 
An'drogen IG an^r (end), a man + root gen, to produce] Any compound Ihst 
exerts an effect like that of the m^e hormone, testosterone 
An'eurysni [G anturysma, an aneurysm, fr. eiirys, wide] A localized, usually 
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saccular or fusiform, dilatation of an artery with weakening of its wall Ar- 
teriovenous aneurysm, communication between a large vein and an artery, 
with a local dilatation of the former 
Angi'na [L, a sore throat] Sore throat or severe pain from any cause 
Angina pectoris [L. pectus (pecior), the chest] Severe, often agomzing pain m 
(he chest radiating down the left arm, due to disease of the coronary arteries 
resulting in a deficiency in the oxygen supply to the heart muscle 
An'nular (L annulus, a ring] Rmg shaped 
Anorex’ia [G an, pnvative + orexui appetite] Loss of appetite 
Afl'te- fL before] A prefix in words of Latin derivation meaning before, m 
front of 

Anteflei'ion [L. ante, before, forward + flexio, bend] A bending forward, ante- 
flexion of the uterus, bending forward of the uterus, upon itself at the junction 
of the cervix with the body 

Anteversion [L. ante, before, forward + versto, to turn] Falling forward of the 
uterus as a whole without bending upon iiself 
Anti- [G against] A prefix meaning against, opposite, antagonistic 
Antiketogenic fL. antt, against -b keto ( ne) + root, gen produce] Indicating 
an action of certain foods, especially glucose, in antagonizing the tendency to 
ketogenesis 

Antisep'sis IG antt, against + repair] The destrucuon of bacteria usually by 
the use of chemicals 

Aphasia [G a, privative -b phasis speech) A speech disorder due, not to any 
paralysis of the muscles oonnally involved m speech but to a lesion of the 
part of the cerebral cortex concerned with the memory of words or of the 
motor mechanism of articulation There are several types motor, visual au 
duery, etc In motor aphasia, due to a lesion of the postenot and inferior part 
of the frontal lobe, the patient, though he may understand spoken and wnt 
ten words, cannot speak some or any words In visual aphasia the ability to 
recognize printed or written words is lost, and in auditory aphasia the patient 
does not understand what is said to him 
Ap'o [G from] A prefix in words of Greek ongio meaning from 
Ap'oenoe [G apo, from -f- enno, 1 separate] Indicating a type of secretion in 
which the gland cells discharge a part of their protoplasm 
Apraxia [C a, privative -f pratto, to do] The inability to perform a given act at 
will or when commanded to do so, this is motor apraxia In sensory apraxia, 
the patient does not comprehend the use of an object, when given a pencil 
for example, and asked to use it, be may attempt to brush his teeth with it, 
or to smoke it like a cigarette 

Aiboraa'iwm ]L arbor, a iiesU Fibets arranged m a patlern bke the branchings 
of a tree 

Archen'teron (k) [G arche, beginning -1- enteron. intestine] The cavity of the 
gastnila 

Arreefor mnscles [L arrector, to raise] Smooth muscles in the skin attached to 
the shafts of the hairs 

Arthro'dia [G a gliding joint] A joint that permits a sliding or gliding move- 
ment only 

Artb'os pfaenom'eooD. A localized anaphylactic reaction, when a sensitized rab- 
bit IS injected with the antigen, necrosis occurs and a sterile abscess forms at 
the Site of the injection 

Artic'ular [L. articulo articulate] Relating to a joint 
Artlcnla'tlon {prec ) (1) A joint (2) Speech 

Asci'tes [L. fr G askos a bag] An abnormal and excessive collection of serous 
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fluid In the peritoneal cavity, as may occur m hepatic, renal, or cardiac dis 
ease 

Asep'sis [G a, privative, not + L sepsis, pulrefaction] The slate of being fret 
from bactena, or the methc^ of brioging this about, usually by means of a 
high temperature 

Ataxia [G a, pnvauve -f taxta order, airangement] Muscular incoordinauoR. 
Atresia (G a, privative + trists, a ^ole) Congenital absence of an opening eg , 
the anus or pathological closure of a normal orifice 
At rophy [O c privative 4- trophe, oounshment] Reduction in size of any or- 
gan or tissue due to shrinkage or wasting of its parenchyma which is largely, 
or at least in part, replaced by coanective tissue 
Anr'IcIe [diminutive of L auris, earl The pinna of the ear or the older term 
for an atrium of the heart 

Auscultation [L, eiaculfo (oiut), listen to) A method of examination m «hich 
the examiner listens, usually with a stethoscope, for sounds within the chest 
or any other part of the body 

Autocoid [G autos (o) -f- akos a remedy) An active principle secreted by one 
of the endocrine organs It may be either a hormone or a cbalone 
Aut^o* [G autos, self] A prefix m words of Greek origin meaning self 
Autotransplanta'tlon, The uansplaotaiioo of an organ or the grafting of a tissue 
into another part of the same body The transplanted structure has a good 
chance of surviving 

Avltamlfto'ds (G a pavative + vitamin + arts, a state or condition) Defi 
ciency of one or other of the several vitamins, thus, one may speak of avita 
minosis A, avitaminosis Bj. etc 
Ax'ygos (C a, privative 4- a yoke) Single, unpaired 

Babln'sld response. Extension of the great toe upon gently stroking the umet 
Side of the sole with the finger or a pencil It is seen in certain nervous dis 
eases, eg, interruption of the corticospinal tracts The normal response to 
such a slunvilus u plantar Heuon of the great toe 
Bacterlol'ysin [foil ] An agent which causes bacteriolysis, some formed m the 
body act specifically upon the type of bacteria which causes a certain dis^c 
Bacterioryda [bacteria 4* G iysis, solution) Destruction of bactena by breaking 
up or dissolving the celL 

Bacteriostafic [bacteria 4- G staiikos, causmg to stand) Referring to agen 
e g , sulphonamide drugs and antibiotics which do not destroy bactena or 
so as a secondary effect, but interfere with some normal and essential process 
m the bacterial cell, and thus arrest or inhibit their multiplication 
b*l [after AUx Graham Bell, inventor of the telephone) A unit of loudness 
DI-, bis- [L twice) A prefix meaulog twice, double 

Bl'ctps ^ bf. double 4- caput, bead) Two beads designation for a ? 

other structure with two ongins or beads — e g , biceps of arm or of the 
BTdp'Ital [O biceps (c/p//ij), two-facadedj Relating to any structure with two 
heads e g , the biceps brachu or biceps femons 
BIcus'pId teeth. Premolar teeth . , 

BQiverdia [L. bila, bile 4- Fr vend (!„ viridis), green) A green pigment m bi e 
derived from the oxidation of biiinibto. , 

Bl'olla [O bias life) A factor of the vitaniio B complex which neutralizes tte 
effects of a poisonous protein »n egg white, called avidin Animals fed a die 
with a high percentage of egg white, and deprived of biotin develop a 
skin conation and other symptoms Biolm deficiency In man apparently oocs 
not occur 
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Blas'tola. Blastocyst. 

Blee'ding time. *rhe interval, measured in minutes, elapsing between the mo> 
meat that blood appears from a prick of the skin, and when it clots, as deter* 
mined by dabbing the wound with a scrap of filter paper. 

Bohr effect. The action of carbon dioxide in causing a shift to the right of the 
oxygen dissociation curve of blood; that is, in reducmg the affinity of hemo- 
globin for oi^gen. 

BoTns [L. a throw, a choice morsel]. A masticated mass of food in the mouth 
ready for swallovdng, or in the esophagus or intestine that is moved along 
the tube by peristalsis. 

Bradycai'dla [G. bradys, slow + kardta, the heart]. Unusually slow action of 
the heart. 

Brain case. The part of the skull that encloses the brain. 

BronchloU'tis (k). Inflammation of the bronchioles. 

Bronchl'tis (k). Inflamm ation of the broncb. 

Cal'cify tL. calx, lime + facto, make] To harden a tissue, such as the arterial 
wall in arteriosclerosis, by the pathological deposition of insoluble salts of 
calcium, or the incorporation of calcium into cartilage or membrane m the 
normal formation of bone. 

Calc'uloa [L a pebble]. A stone formed in any organ (usually hollow), such as 
the gall-bladder, ureter, urinary bladder, salivary duct, etc 

Canallc'ulos [Diminutive of L. canalis, a canal] A minute canal 

Caa'thns [Q. kanihus]. The junction of the eyelids at the outer and inner angles 
of the eye. 

Car'dia [G. kardia]. The cardiac orifice. 

Caiyoldaesls. See Karyokinesis. 

Caryoplasm. See Kaiyoplasm 

Castra'Uon [L. castro (-otus), to deprive of genital organs]. Excision of the 
gonads, either male or female. 

CaYa, Hat's [G. kata, down]. A prefix in words of Greek origin meaning down, 
as opposed to ana, up. 

Catab'ollsm [G. cata, down + bole, throw]. The metabolic processes involved 
in the breakdown of compounds to sinipler ones, see Anabolism. 

Catal'ysis [G. cala, down + lysa, solution, dissolution]. The process whereby 
certain agents (e.g.. enzymes), while not entering intimately into a chemical 
reaction or forming part of the final product, increase the speed of the re- 
action. 

Caud'a eqai'na [L. cauda, a tail + equlnus, relating to equus, a horse] The bun- 
dle of nerve roots arising from the lower part (lumbar region) of the spinal 
cord resembling a horse's tail and which descends for some distance in the 
spina] canal. 

Celiac (seTiak) [G. koiUa, belly]. Relating to the abdomen. 

Cellulitis (seluli'tis) fL. ceUuJa, a cell + itts, meaning inflammation] Inflamma- 
tion of connective tissue. 

Ceph'alad [G. kephale, head -f- L. ad, to). In a direcuon toward the head, or 
brain. 

^phaVJc [prec.]. Relating to the head, or brain. 

webroride (seriebrOsTd). A lipid containing the sugar galactose. 

Chnlonc (kal6n) [G. chalSo, to relax]. An internal secretion with an inhibitory 
action; e g., enterogastrone. 

Chcm orecep'tor. A receptor, as in the carotid body, that responds to chemical 
stimuli. 
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Cbejne-SCokes respiration (ch&ci stfiks) An abnonnal type of breathing occiii> 
ring in grave disease in which the respirations increase progressively m depth 
and vigor to a majtiniuin, then diminish again and finally cease (apnea) (or 
a time The return of the breathing marks the beginning of another cycle 
Chlor'ophyll {G ckloros, green + phylhn, a leaf] The green pigment of plant 
life which functions in photosynthesis, it is allied to hemoglobin 
Cboana— 4ie (ko'an ah) [G choane, a funnel] A funneMike passage, such as 
the posterior apertures of the nasal cavities 
Choline (ko'Ien) A factor of the vitamto B complex deficiency which results in 
fatty liver Deficiency, however, does not appear to occur id man 
Chorda tympanl nerve (koi^da) [L. chorda a chord or string + tympanl of the 
tympanum (Ir G tympanon, a drum)] A branch of the facial nerve that 
passes through the tympanum of the ear and supplies the submaxillary gland 
and the anterior part of the tongue (taste fibers) 

Chromaffin (kro'mafin) [ehrom {-tc salts) + L aSints (fr. ad + finis, boundary, 
end), meaning attraction] Having an affinity for the salts of chromic acid 
e g , the cells of the adrenal medulla and of the carotid body which are stained 
yellowish brown 

Chro'matid One of the parts resulting from the longitudinal splitting of the 
chromosomes in the prophase of mitosis 
Chro'moprotelns |0 chroma, color + protein] Proteins whose molecules coo 
tain a pigment group, ejcample hemoglobin 
Chronaxia, ebronaxie (krdn ak'se a. krdo ak'sS) lO clironos, lime + oxa, 
value) The length of time, measured m thousandths of seconds, required for 
an electneal stimulus to act m order to excite a tissue, such as nerve or mus* 
cle, when the strength of the stimulus is twice that of the rheobase 
Cicatrix, cicatrices (sik a tricks, s>k>a ui six) [L sear} A scar 
Clr'cnm* [L, around] A prefix meaning around, surrounding, circular 
Qearance. See Plasma clearance 

Coagula'don time. The time elapsing between the instant that a sample of blood 
1 $ collected and the appearance of the first signs of clotting There are a num* 
ber o( methods for determining this, but whatever method is used the condi- 
tions arc standardized so that all results by that method are strictly com- 
parable The coagulaLon time of human blood is normally between 3 and 
4 minutes 

Coelom (sc 15m) (O kolldma a hollow) The cavity of the embryo formcn 
tween the layers of the mesoderm, and from which the pcncardial, pleural, 
and penloneal caviiia are developed This is the mtra^emhryonic coewm it 
communicates with the cavity of the chorion which is called the extra-embry- 
onic coe(om . 

Col'or in'dex. An index employed m distinguishing between different typ« o 
anemia that expresses the relative quantity of hemoglobin in each red cell i 
IS a quotient denved from the following fraction 

Hemoglobin m percent of normal . 

number of red cells per millimeter of blood in percent of normal 
The index is I 0 in normal blood, above this In hyperchromlc anemias, an 
below in hypochromic anemias 

Com'mlssure [L. co/«m£Murff, a joining, a seam] Any band of fibrous, nervous 
or other tissue that joins two parts of (usually) similar strucime 
Complemen'tal air. The volume of air that can be inspired above that of a nor- 
mal ordinary inspiration 

CoDgen'Ital fL. congenitiis. bom wthj Relating to any disease, condition, struc- 
ture. etc , present at birth. 
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STpart,'l« r,s.ng while the eeoler parttelee bemg heav.er fall Thus 
convection currents are set up 

The oS’er a strueture that ts d shugutshable froth the 

more centrally placed tissue — called the meaaUa crackline sounds 

Creplta hons [L fr crepo to rattle] clicking sensation 

characteristic of certain rales or the 8"“? Snn6'"S caused by 

g ven to an examiner a fingers laid upon a fractur be^felt by tbe pa 

fhe fragments rubbing upon one another and can usually be felt by p 

Crib nform [L criirum a sieve + loma fotml of a chro 

Crossing over Tbe interchange of chromatids between lb 

mosome pair which occurs in the prophase of j 

Cam . eon.*, eo- tL with] A prefix meaning «' >> 

Cone iform [L cunens a wedge + forma form] Wedge p 
Cuta neous [L cufu skin] Relating lo the skm 

Cyst IG kysus a bladder] Any sac like ^tmcture Inflamniation of the 

Cystitis [G kysiis bladder + ms meaning inflammation] innam 

unnary bladder . . . treatise] The study 

Cylol ogy [G kyios cell (hoUovr) + logos word d scour 

of cells histology , . solution dissolution] 

Cylol ysis [G kyios cell (a hollow) + lysis breaking up 
Disintegration solution of cells 

Beamlna bon. deammix. tlon fL * from + am (fr ammonia)) The splittmg 
off of an ammo group as from an o™"™ ““ ^ j q One tenth of a bel 

Decibel (des.bel) IL dec (abbrev “ 7„tai„mB to anything that 

Deciduous (de^iid u us) IL or the part of the endome 

falls off or is discarded e g the first set —pn^truation 
tnum that is shed with the placenta ^ | ^ crossing as of nerve 

Decussation [L decusso make m the form of an XJ A cr & 

fibers with their fellows of th^e Tj,e removal of water from the 

Dehydration \L de from + G hydor water] me 
body or from any structure or su^tance , « v 
Deltoid Shaped like the Gr«k capi a The shedding of the superficial 

”?aTe“br t streVtbe’SVoYan^ par. eoveredV sguamous ep, 
D.X"f den.ernp.mm -n p.-.^ fO deutero ^ see„„d^+ pfasma^a 

m the l|s of birdi Tbe res. of the 
yolk Tmm which the embryo B developed ,s called the cytoplasm or the 

D/™''[L^a°part suodenng tnto two parB two] A prefix meaning two or 
^Kpmatmgjnto wo through m different directions or com 

plettly 
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DIapede sis [G dui through •}- pedesb a leaping] The passage of leucoqies 
though the capillary wall 

Diath esis JC an arrangement] A constitution predisposed to some disease or 
abnormal state 

Dichotomy [G dicha in two •]- tome a cutting] A branching into two hence 
dichotomous in referring to such a division 

Dlcrot ic pulse [G dtcrolos it di two + erotos a beating a pulse] A type of 
pulse occumng m typhoid fever and certain other cond tions associated w th 
low blood pressure and lax arterial walls in which the dicrotic wave (ordi 
nanly not palpable) can be felt as a distinct tap following the mam pulse 
wave 

Dig'll [L. digital] A finger or a toe 

Di^ta tion {L digitus a finger or toe] One of a senes of fingerlike projections 
especially of a muscle 

Dip ioe [G feminine of diplous double] The cancellous layer of bone lying be 
tween the two layers of compact bone of the cranium 

Dip lold (G dipfous double + eidos lesemblmg] The double number of cino- 
mosomes characteristic of the immature sex cells the zygotes and the body 
cells generally see Haploid 

DIst'al [L. dirt (ant) 4- c/] In a position farther from the center or midline of 
the body or from the origin of a hmb or structure such as an artery or nerve 
thus the elbow is distal to the shoulder 

Domlnsm ]L fr domtnus a master) (1) Relating to an hereditary character 
which appean in the offspnng and masks another character called recessive 
though the gene carrying (he latter has also been transmitted (2) Relating to 
the cerebral hemisphere which determines ngbt or left handedness 
the left hemisphere is dom nane in right banded persons and the ngbt bemi 
sphere in those who are left handed 

Donfad (prec ] In a d rect on toward the back. 

Dodsal [ll dorsum the back] Relating to or in a position toward the back 

Dropsy [G hydrops an abnormal collection of fluid in a tissue or cavity) An 
old term for edema or ascites and still in popular use any abnormal and ex 
cessive collection of fluid in the tissues or a body cavity 

Dyne IG dynamis force] A i mt of force defined as that which acting on a 
mass of 1 gram for 1 second causes aa acceleration of I cm per second. 

DJs* [G bad difficult] A prefix in words of Greek derivation meaning difficult 
bad abnormal or distressing 

Dysarthr'ia [G dys bad + arihrdo articulate) Difficulty in speaking due to 
weakness or paralysis of the muscles of articulation or to stuttering or stam 
menng 

DyspfUL^LG dyi ha/i -V plwigewi. to eaX] D ffiiuiity ttu iwaUowiag owing to 
pain or any other cause 

Ec*, ex (G ektos without out of) A prefix meaning out of outside removal of 

Ectop Ic IG ek out 4- lopos a place] Misplaced not in the normal situation 
e g ectopfc gestation pregnancy occumng in a utenne tube or in the pen 
toneal cavity 

Edema 10 oidema a swelling] An abnonnal mcrease in tissue fluid especially 
m the subcutaneous tissues caiis ng a puffy swell ng of the part which when 
pressed with a finger or thumb shows a hollow Imprint due to the temporary 
dispersal of the fluid 

Elec troeor'tla [electro (abbrev electrolyte) -f eortin] Aldosterone 
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Hec trophore sis [Electro + G phoresu a cairyingl The movement of par 
tides such as protein molecules m an electric field to the anode or cath 
ode 

Embolus [G a wedge or stopper] A clot mass of agglulmatcd cells a piece of 
fibnn etc carried m the blood stream and blocking a vessel 
EmTiryo (G embryon fr en in + bryo be full to swell] The developing or 
gan sm from the fertilization of the ovum to emergence from the as in 
birds in man (he product of conception from the second to the eighth week 
of pregnancy 

Embijology [G embryon (prec ) + logos treatise discussion swjrdJ The 
study of the development of the embryo and fetus 
Emplr'Jca] (G epenkos expenenee] Not based upon any known scientific fact 
but purely upon experience 

Enpye ma {G empyema suppuration fr en in + pyon pus] Pus la any cav 
ity but especially in the pleura! cavity 
£o |L. m] A prefix meaning within 

Endem Ic [G endemos a native fr en in + demos the people] Relatmg to a 
disease of which one or more cases are always present in the particular dis 
tnct under consideration 

Endo* [G endo within] A prefix meaning in within 

EBdog’enons (]) [G endon within + root gen beget produce] Formed within 
the body 

En (erogastro'ne ]G enteron lotestioe + gaster belly] A principle (cbalone) 
formed m the mucosa of the duodenum which under the influence of fatty 
materials m the chyme passes into the blood stream and inhibits the secretion 
of gastnc juice and the movements of the stomach 
En to [G entos in] A prefix meaning within 

Ep 1 [G upon] A prefix meaning upon above on top of the upper side 
E^ [G ergon work] A un t of work, defined as that performed tn moving a 
mass against a force of 1 dyne 

Es'trogea [G oistros mad desire + root gen produce] Any substance that m 
duces effects similar to those of estrad ol 
Ed [G well good] A prefix in words of Greek origin meaning good well or 
_ normal 

Evaglna tion fL. e out + vagina a sheath] The protrusion of the wall or other 
part of any structure 

Exfolla bon [L ex out 4- folium a leaf) The shedding of superficial parts of 
any structure espeaally in layers or sheets a form of desquamation 
Ex'oerine [G exo outside + knno to separate (secrete)] Relating to an exter 
nal secretion e g sahva gastric juice etc that u secreted on to the surface 
of the body or into one of the bcldy cavities 
Exog'enoos (]) [G exo outside gen produce] Formed or ongmatmg outside 
the body 

Exopbehal nios [G ex out + ophthalmos the eye] Protrvs on ol the eyeballs 
beyond their normal positions 
Ex'lero [L exterus outside] Same as preceding 

Ex'terofec'bve [L exreriis outs de + facto do] Professor Cannon s term for 
the cerebrospinal nervous system as opposed to the interofective (or auto- 
nomic) nervous system 

Ex'tra [L. outside] A prefix meaning on the outside 

Ex'udate [L. ex out 4- sudare to sweat] A fluid or semifluid material e g se- 
rum or pus which flows or oozes from any part 
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Facet' IF a very small face] A small smooth area on a bone {usually for ar 
ticulat(Oti) or other hard structure 

Falclfonn (fSI si form) [L, falx (/a/c ) a sickle + forma form] Shaped like a 
sickle 

Fascia (fash ta) [L a band] A thin sheet of fibrous tissue covenng a muscle or 
other structure or separating one structure from another 
Fecundation (k) [L fecundo (atus) make fruitful] Fertilization 
Fenestra [L a window) A window eg fenestra ovale of the internal ear 
Fe tus, foe tus IL offspring] The unborn offspnng from the eighth week to the 
termination of pregnancy 

Flbnl la — ae (L fibnila diminutive of fibre a fiber] A minute fiber 
FibnlYatlon Iprec ] Fine contractions or twitchmgs of muscle due to independ 
ent activity of the separate fibers Such occurs in degenerat ng skeletal muscle 
m cardiac muscle in electrocution as a result of poisoning by certa n drugs 
and just preceding death from almost any cause 
FU ament (fr L filum a thread] An extremely fine fiber or thread like struc 
ture 

Fi lum termlna le [L terminal thread] A slender filament that descends from 
the end of the spinal cord to the termination of the vertebral canal 
Flm brlated [L fimbria a fringe] Fringed or like fringe 
Fis'tula — (Is^tulae (L. a p pc tube] An abnormal passage lead eg from an ab- 
scess eavity or any hollow organ or part to the extenor 
Fora men^foram Ina (L an aperture) A small opening or hole m a bone (usu 
ally) or other structure 

For'el^ pro tein A protein not naturally present m the body eg a vegetable 
protein or one from another species it acts ns an antigen 
Ftwia [L a trench or d tch] A depression usually in a bone and long ludinal in 
shape 

Funic otoi (k) Idiminutive of L. funis a cord] A cord or cord like structure 
such as the umb heal or spermatic cord 

Galvanom eter [Lu gt Galvamu -f G metron a measure] An instrument for 
indicating and measunng a galvanic electric current 
Gangflicm^gao^Ua [G a small subcutaneous tumor] A circumscnbcd collec 
tion of nerve cells in the brain on a sensory nerve or of the autonomic 
nervous system ( 2 ) A small cysti ke swelling on a tendon usually at the 
vmst 

Gasse rian gangYlon Semilunar gangl on trigeminal ganglion 
Gas'trula {fr G gaster belly] The embryo m the stage of development when it 
consists of a sac with a double layered wall the inner layer is the cndodemi 
the outer the ectoderm 

G?ne [G roof gen beget] One of the theoretical particles of a chromosome 
which carries an hered tary character 
Genera five [L generare beget] Capable of reproduction of procreation 
Genet'lc [G genesis (^eilc) generation] Relating to heredity 
Genet'ics [prec ] The study of the laws and processes of hered ly 
Ge ootype IG genos birth + typos an imprint} The genetic constitul on (com 
bination of genes) of an organum 

Genus [L. birth descent] In the classification of animals or plants the d vision 
next above the species 1 1 below the Family or the Tnbe 
Clanco nui ]G glaukos bluish green] Raised pressure within the eyeball due to 
an excess of fluid the result in turn of blockage of the drainage system It is 
a progressive disease leading to failure of vision 
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Gli'a. Neuroglia 

Gliss'on’s cap'sulc. The capsule of the Itver 

Glycogen'esis [G glykys sweet (sugar) + root gen, produce] The formation 
of glucose from glycogen or of glycogen from glucose 
Glycogenol'ysis (G glykys, sweet (sugar) + lysis, dissolution] The breakdown 
of glycogen to glucose 

Glycol ysis[G glykys sweet (sugar) + lyrw dissolution] The breakdown of 
glucose to lactic acid or to ca^n dioude and water 
Gly'coneogen'esls, glu'concogen'esis |G glykys, sueet (sugar) + neos new 
genesis ongin] The formation of ^ucose from noncarbohydrate material, as 
from protein or fat 

Gl/coprotem, glu'coproteln ]G g/yJLyf, sweet (sugar) + protein] A conjugated 
protein containing a sugar group, it is present in mucin 
Granula'tion(s) (L granulum diminutive of granum a gram] Masses of small 
gram like bodies 

Granula'tion tissue Iprcc] The vascular granular tissue that covers a healing 
open wound and becomes converted to scar tissue 

Hap'toid IG hopJoHJ single] Refers to the reduced number of chromosomes in 
the gametes see Diploid 

Heart block Disease of the atrioveotncular bundle that slows or blocks conduc 
non of the impulse from the atna to the ventricles In complete blockage the 
atna beat at the normal rate (70 per minute), but the ventricles neat at their 
own rate of about 40 per minute The arterial pulse is of course at the ven 
tncular rate 

He'matio (Q hatma (.haimat ), blood) The pigment (porphyin) of hemoglobin 
plus iron 

Heml* [G half] A prefix meaning a half 

Hemorysis (O haima, blood + lytts a setting free dissolution] The liberation 
of hemoglobin from the red cells 
Hen'le^s loop The G shaped part of a renal tubule 
Hcp'ar IG the liver] 

Hepat'ic IG hepar {hepat ), the liver] Relating to the liver 
Hetero* IG hetcros other, different] A prefix in words derived from the Greek 
meaning different from something else 

Heterol'ogous IG heteros different other + logos relation] Indicating a tissue 
or part derived from another speaes or of a tissue or cells in a part not nor* 
mai to them 

Het'erotran'splant IG heteros different, other + transplant] The grafting of a 
tissue or organ taken from an animal of one species to the body of an animat 
of another species Except for certain tissues and under very special circum- 
stances the operation is not permanently successful, le, the transplanted tis 
sue dies 

Hia'fus IL- an opening, fr hio (hiatus)t yawn] A gap or opening aperture or 
fissure 

Histol'ogy IG histos a web (tissue) -I- loeos treatise, discussion word] The 
microscopic study of tissues 

Hol'ocnne (G holos all + krtno separate (secrete)] Refernng to a type of 
glandular secretion which consists of the cells of the gland itself 
Ilo'mo- IG homos same] A prefix in words of Greek derivation meaning of 
the same kind or class alike 

Homoge'neous (j) JG homos same + genos family kind] Having uniform 
structure and composition throughout 
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Homog'enous (j) fprecj Having the same consistency throughout ancf usual/y 
the same compos tjon 

Homo] ogons [foil ] Refernng to a homologue having the characters of a 
homologuc 

Horn ologue [G homos same + logos relation treatise word] Any organ or 
part of the body that resembles m structure or origin another organ or part 
elsewhere in the body or an organ or part in one species that corresponds in 
some way with an organ or part in another species such as (he wmg of a 
bird and the arm of a man 

Ho molransplanta don [G homos same -f iransplanfj The grafting of tissue or 
of an organ from one person to another or from one an mal to another of the 
same species 

H5st [G hospes a host] An organism that harbors and gives sustenance to an 
other (usually pathogenic) organ $m 

Humor[L /lun or (or umor) a fluid) (1) One of the body fluids such as the 
aqueous humor of the eye which fills the space between the cornea and the 
lens (2) A substance such as a secretogogue (extractive) in the food which 
is absorbed into the blood and stimulates a digestive secretion (3) A sub- 
stance liberated at nerve endings eg acetylcholine and acting locally 
(4) One of the fluids of the body e g blood phlegm black bile and yellow 
upon which the ancient theories of disease were based (humoral doctrine) 
H/aleld [Q hyalos glass + eldos a resemblance) Glass like in appearance 
Ilydrocepbalns (hT-dr&-kef al us) [G hydot water + kephalt head) Excessive 
amount of fluid lq the ventricles of the brain (Iniernal hydrocephalus) or in 
the subarachnoid space {external hydrocephalus) 

Hydrolysis (0 hydor water -1- lysis solution dissolution) The taking up of 
water by a compound which (hen spl ts into smaller molecules It is brought 
about by certain enzymes and by the action of heat and strong chemical^ 
acids or alkalis 

Hydrostatic pressure [G hydor water + siaios standing] The pressure exerted 
by the weight of water or other liquid 
ll/pet [G hyper above over) A prefix indicating excess above the normal 
Hyperpla sla [G hyper above + plasls a molding] Active multiphcauon of the 
cells of any tissue 

Hyperpnea [G hyper above 4- pnoia the breath] Exaggerated respirations 
With an increase usually of the volume of air breathed per minute 
Hyperion ic [G hyper above + hnus tone] Having a relatively high lone 
(e g muscle) or a high osmot c pressure (eg a solution of salt) 
Hypertrophy [G hyper above + irophe nourishment] Increase m bulk of a 
tissue or organ caused by an increase m the individual cells 
H/po< [G hypo under] A prefix meaning under beneath less than normal 
Hypoderm Ic (C hypo under -b derma skin] Beneath the skin 
Hypolon Ic [G hypo under -1- lonos tone] Having a relatively low tone (c g 
muscle) or a low osmotic pressure (eg a solution of salt) 

Impregnate [L In (Im) + praegnans pregnant] (1) To introduce particles of 
one substance into any other substance to saturate (2) To fertilize (the 
penetration of the ovum by the spermatozoon) to fecundate 
locon tlnence of urine [fr L In negative -b coniineo hold together] In«Qte 
tary passage or dnbbliog of unne 

Inertia (in ursh 5a) [L in negative + Iners (ft In negative + ars art) slug 
g shness unskilled] In physics the “resistance” which a body olTers to a force 
tending to move it from a position of rest Inertia of the uterus sluggnhness 
or absence of contractions of the uterus dunng labor 



GLOSSARY 693 


In'goinal [L inguen (ingumis), the groml Relating to the groin 
Inhibition (in hib-jsh'un) [L. hibeo (hibitus) keep back, fr habeo, to have] 
* Depression or arrest of function of any organ, e g , slowing or stoppage of the 
heart by stimulation of the vagus nerve, or the lessening of any process 
loorgan'ic fL m, not + G organtkos, fiom organon, a tool, organ) Not or- 
ganic, inanimate, m chemistry, indicating compounds that do not contain 
carbon 

Inos'cnlate [L m -f osculum dimmutive of os, mouth] Anastomose 
Inseznina'tloo [L inseifitno, sow or plant, fr semen (semin ) , seed] The deposi- 
tion of semen in the vagina either during coitus or artifiaally 
In'snla [L an island] The small part of the cerebral cortex hidden in the Sylvian 
fissure It u disclosed by raising the adjacent overlapping parts of the frontal 
and parietal lobes 

Integ'ument [L. integumentum a covering] The skin 
In'ler [L. between] A prefix in words of Latin ongm meamng between 
In'terofect'Jve nervous system [L. inter, between + facto, do] Professor Can- 
non’s term for the autonomic nervous system 
Interstitial (in'tur-stish'al) fL tniersttiium, fr inter, between + sisto, stand] 
Relating to spaces between fibers, cells, etc , especially m the tissues generally, 
as interstitial fluid 

Itt'tia- [L. within] A prefix to words of Latin derivation meaning withm 
In'tro- fL. into] A prefix meaning into 

lovag'ina’tioo (j) ^ m, in -b vagina, a sheath) The pushing of one part of a 
hollow structure mwards towards its center, to ensbeatb 
Inverrion (m vur'shun) fL. inverto {inversus), a turning about] (1) a turmng 
into a reversed position, as inversion of the uterus in which the interior of the 
uterus is turned outward and the organ displaced downward (2) A turning 
inward, as inversion of the foot (3) The conversion of a disacchande to a 
monosaccharide, e.g , of cane sugar to glucose and fructose 

Aa aatsboidy present va the serum of a member af oae of 
the blood groups which aggluUnate the red cells of the blood of another group, 
that IS, causing agglutination of cells in blood of the same species 
rsoagglutin'ogen fG tsos. same, equal + L aggluiino, glue together] A sub- 
stance (antigen) associated with the erythrocytes that reacts with an agglu- 
tinin (antib^y) in the serum of a member of the same species and causes 
clumping together of the cells, see blood groups 

Kar'yoldne'sis fG karyon, a nut {nucleus) + kinesis, movement] Mitosis 
Kar'yoplasm fG karyon, a nut {nucleus) -b plasma, a thing formed] The non- 
cl^matin substance of the cell nucleus 
Kata. See Cata 

Ker'atm [G keros {kerat), bom] A protein in the outer layers of skin, and m 
bom. nails, etc 

Kcniti'tis [G keros {kerat), bom (cornea) -b iru, meaning inflammation] In- 
flammation of the cornea of the eye 

Ketogen'ie [keio (ketone) -b root, gen, produce] Referring to certain foods, 
especially fats, which tend to cause the production of ketone bodies 
Knee-Jerk. A quick extensor movement of the knee, a kick, caused by tapping 
the ligamcntum patellae while the leg is hanging loosely in the flexed position 
It is absent m certain nervous diseases and abnormally active in others 
Kop'ffer cells. Large star-shaped shells attached to the walls of the sinusoids 
of the liver They belong to the reticulo-endolhelial s)-$tem and are phaeo- 
c)-uc. 
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Lu’bllc [L labilis, unsteady] . Not steady. susceptiWe to change, as refaung to 
temperament or to a chemical compound 
Lacta'tioQ {L lacto {atus), to suclJe (fr. lae, milk)j The secretion of milk 
Lacu'ns. *36 [L- diminutive of tacus, a hoHow or a lake] A hollow space or gap 
m any tissue or organ 

Lamel'la, -ae [L diminutive of lamina a layer or plate] A thin layer, plate, or 
stratum 

Lanu'go [L down, wool] The very fine hair covenng the body of the embryo 
or the surface of the adult body, except the palms of the hands and the soles 
of the feet and where the hair is long as on the scalp 
Larva — larvae IL a mask] The wormlike stage of an insect as hatched from 
the egg, grub, maggot, or caterpillar, or the young of any species that differs 
essentially from its parents in form 

Larval, X,arvate [prec] (I) Relating to larvae (2) Nfasked. applied to a dis- 
ease m which the symptoms are not typical or are absent 
Lesion (le'zhQn) [L* laetlo {taessus). to injure] Any injury or any structural 
abnormality in a tissue, organ, or pan due to disease, c g . a tubercle of a lung 
m tuberculosis, or the pustule of the skin in smallpox 
Leuce'mla. Icuke'mia fG Uiikos. white -f- liaima, blood] A disease ot the blood 
in which the white cells are greatly increased m number, there being many 
abnormal and primitive forms in the circulation The disease may be acute or 
chronic, and according to which type of cel! predominates m the blood lym- 
phocyte. myelocjte, or myeloblast, or monocyte It is called lymphatic mye- 
logenoMS. or monocytic leukemia 

Lcucope'nia [Ittico (leiicocyif fr G leukos, white -I- kytot cell) -I- ptnia pov 
eriyl A pronounced reduction of leucocytes, scarcity of leucocytes. 
Llp'opro'tein [G hpos fat - 1 - protein] A conjugated protein containing a lipid 
group m Its molecule 

Lob'flle [L lobuliis, diminutive of lohus] A small lobe or a subdivision of a 
lobe 

111*0160— lo'inlaa [L a window, a light] (1) The cavity of a lubelike struc- 
ture, such as an artery or the intestine (2) A unit of light 
Lymphaogl'lts (L. (ympfin clear water + G ongeion. a vessel + ftu. meaning 
inflammation) Inflammation of lymph vessels 
Ly'sin (G /ym disintegration, dissolution] Any agent that destroys cells by 
breaking them up or dissolving them One that destroys blood cells is a 
hemolysin bacteria, a bacieriolysin, and cells m general, a cylolyitn 
Ly'sis {G disintegration, dissolution] Dismlegration of any structure, red cells 
bactena, fibnn etc Also used as a suffix m words of Greek origin meaning 
breakdown or disintegration, e g , cytolysis 


Macera'tion jL macero (aius), soften by soaking] Soften or break up by soak- 
ing 10 water or other liquid 

Mac'roscopic (k) [G macros large skopeo, to view] Capable of being seen 
by the naked eye 

Mn^enstras’se IGcr magen stomach + strosse, road) The part of the intenor 
of the stomach extending along the lesser curvature from ibe cardia to the 
region of the pylorus that « first traversed by the for^ after it has entered 
the stomach 

Marss’mux (G nitwn.i/Ht>T a wiihenng] A state cluraclented by dehydration 
wasting, and weakness, seen especially in infants as a result of infection, or 
faulty feeding 
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Medul la IL fr medius middle] Any very soft structure or the intenor of an 
organ e g the adrenal medulla as opposed to the outer part or cortex mar 
row spinal cord medulla oblongata 

Meibomian gland (mi bo me an) One of the glands at the margin of an ejel d 
Meiosis (mi-osis) [G a lessening] Reduction division 

Mem'brane [L a skin or membrane] A thin sheet of tissue that serves as a 
lining for various hollow structures (eg mucous membranes) covers or 
separates organs (e g fibrous membranes) or lines such cavities as the 
thorax and abdomen (e g serous membranes) 

Mcndelian laws The laws of heredity discovered by Gregor Mendel an Augus 
tinian monk of the 19th century living in Brunn Austna Studying inherit 
ance m pea plants be found that characters were transmitted to the offspring 
as independent factors or genes When two varieties of plant each pure for 
a different character (shortness and tallness) are crossed their progeny (F 
generation) will be all tall but they received a gene for shortness from their 
short parent as well as a gene for tallness from the tall parent the character 
tallness which appears is called dominant the hidden character shortness is 
termed recessne These hybrid individuals produce three types of gametes 
25 percent of which contain only genes for tallness (dominant) 50 percent 
genes for both tallness and shortness and 25 percent genes for shortness (re 
cessive) only When these arc interbred the offspring (F, generation) will 
be 75 percent tall and 25 percent short that is only those which had not re 
ceived a gene for tallness from either parent will be short 
Mer'oenne (G meros 'a part + krmo to separate (secrete)) A secretion such 
as the gastric or pancreatic juice which is merely a product of the gland cells 
and not part of their substance see Holocrine and Apoenne 
Meta ]G after between over beyond] A prefix meaning after over beyond 
or indicating a transformation from somethin? else that has gone before 
Metamorphosis [G meta prec + morphe form] A change usually radical in 
form transformation as that of the tadpole into the frog 
Metazoon a [G meta -F zoon animal] A member of any class of animal 
above the Protozoa that is one composed of many cells 
Mic'turate [L. micturio pass urine] Urinate 
Micturition (mictunsh un) fprec) Urination 

Minimal air The air that remains in the lungs after their removal from the 
body and that gives pulmonary tissue its buoyancy 
Momentum [L motion] The quantity of motion the product of mass and 
velocity impetus the tendency of a moving body to eont nue in its course 
Mon ocyte [G monos single + kytos a hollow (cell)] A white blood cell with 
a single unlohed nucleus It resembles a large lymphocyte but jls nucleus js 
more deeply indented being kidney or horseshoe shaped Monocytes consti 
tute from 2 to 8 percent of the leucocytes They are elements of the reticulo 
endothelial system 

Mononu'clear [G monos single + nuclear (nucleus)] Referring to a cell with 
but one nucleus 

Morbil li ]L morbtllus diminutive of morbus a disease] Nfeasles 
Motor end plate The structure on the muscle fiber in which the motor nerve 
terminates 

Multicellular [L muUt many] Consisting of many cells 
My'eloblast [G myelos marrow + blastos a germ] A granulocyte in a very 
early stage of its development (in Che bone marrow) 

My'elocyte [G mje/or marrow + kytos hollow (cell)] A granulocyte in a late 
stage of its development (in the bone marrow) 
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MJogen'Ic JG mys, muscle + root, gen produce] Ongmating in muscle or 
from muscle 

Myoneur'al [G mys muscle + neuron nerve] Relating to both muscle and 
nerve Myoneural junction the connection between a motor nerve ending and 
the muscle fiber It has the properties of a synapse 


Navlc^nlar (k) [L. diminutive of navts, a boat] Shaped like a boat, scaphoid 
Ne'oplasm [G neos, new + plasma, something formed] A new growlh, a tumor 
composed of masses of newly formed celb 
Neurogen'Ic [0 neuron nerve + root gen, ongin] Of nervous origin 
Neurohn'moral [G neuron, nerve + humor, q v ] Relating to the theory that 
nervous effects are transmitted by chemical substances (humors) liberated at 
the nerve endings, e g , acetylcholine 

No'tocfaord [G notes, back + ckorde, cord] A flexible bar m the early embryo 
around which the vertebral column is developed 
Nocleose [nucleus + ase, meaning an eo^me] An enzyme that splits nucleic 
acids 

Nu'cleopro'teln. A conjugated protein containing nucleic acid It is an essential 
constituent of chromatin 

Nn'cleiu— on'clei [L. a small nut or kernel] The body containing chromatin 
and surrounded by the cytoplasm that u present m nearly all types of cell 
(2) A circumscribed mass of gray matter (nerve cells) id the central nervous 
system (3) a focus, such as a speck of foreign material, around which other 
material collects 

Nfstag'mus [G nystagmos, a ooddiog] A rhythmical oscillation of the eyeballs 
occumng m certain diseases, and normally after rapid rotation of the body 
The movements are most commonly from side to side, but may be up and 
down or rotary 

Ob' (L against, toward] A prefix in words of Latin origin meaning against or 
toward 

Odoiit'oid [G odous [odani ), a tooth *1- etdos a resemblance] Shaped like a 
tooth 

•old [G etdos, a resemblance] A suffix in words of Greek derivation meaiung a 
likeness to resembling 

Ollgu'rta (G oUgos. few, little. + ourlsis unnation] Scanty unne 
-oma A suffix added to words of Greek denvation to indicate a swelling or 
tumor of any kind e g^ carcinoma, sarcoma 
Ontogenesis, ontogeny [G on bemg + genesis, orlgm] fhe developmental his 
tory of an individual as opposed to the history of a race See Phylogeny 
OntoYogy [G dn {ontos), being + logos, discussion, Uealise] The study of the 
development of an individual embryology 
Onychia (G onyx [onych-), nail) Inflam mation of the root of a finger- or toe- 
nail with suppuration and usually shedding of the nail 
O'ocyfe [G don an egg + kytos, a hollow (cell)] The pnmitive ovum in the 
Graafian follicle. 

Op'sonins [G opson, sauce] Substances in blood that stimulate the leucocytes 
(neutrophils) to attack bactena — fannfuliy speaking they make the latter 
more appetizing 

Oral (L. os (oris), mouth] Relating to the mouth 

Or'dtr, A division m the classification of ammab or plants between the Class or 
Subclass (above) and the Family (below) 
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Oi^n'ic IG organikos relating to an organ, from organon a tool, organ] 
(1) In chemistry, relating to compounds containing carbon (2) Relating to 
a disease associated with a structural change in a tissue or organ as opposed 
to functional (3) Pertaining to animal or vegetable Ufe, as opposed to the 
inorganic world 

Or'ganism. Any living thing, animat, or plant 

Orthope'dlc [G orthos, straight, right, true + pais (paid), a child] Relating to 
the study and treatment of chronic diseases of bones and joints and the cor- 
rection of deformities 

Orthostat'lc [G orthos, straight, tight, true + statos standing] Relating to the 
upright (standing) position 
Os— ora [L mouth] A mouth 
Os— ossa [L a bone] A bone 

Osteogen'esis [G osteon bone + genesis production] Bone formation 
Ovanec'tomy [L ovarium, ovary + G ektome, excision] Excision of the ova- 
ries, castration of the female 

Ox'yphll [G oxys, sharp, acid + phtlos, fond] Acidophil, eosinophil 
Oxytocin (oks i to'sin) [G oxys, swift + tokos, childbirth] Fitocin 

Palpa'tion (L. paipatio, fr palpo, to touch) Determining, usually with a finger 
or the fingers or palm of the hand, by touching 
Para- [G alongside, near, beside] A prefix meaning beside, on the side of, not 
quite normal 

Para-amlnobenzolc add. A factor of the vitamin B complex essential for the 
growth of certain microorganisms Some sulfonamides exert their antibac* 
tend action by rendering this vitamin unavailable for the infecting bacteria 
Paren'chyma (G anything poured in beside] Tbe part of an organ or tissue 
composed of cells that perform tbe specific function of the organ or tissue, 
such as the contractile fibers of muscle or the secreting cells of a gland, as op- 
posed to the nonspecific supporting tissue or stroma of connective tissue 
Paren'teral [G para beside, contrary to + enieron, intestine] Referring to a 
route of administering a drug or agent of any kind other than by the gastro 
intestmal tract, that is, subcutaneously, intravenously, etc 
Path'ogen [G pathos, sufllenng, disease -(• root gen produce] Any organism 
which,causes disease, hence, pathogenic 

Pectonl'oquy [L pectus (pector-), breast, chest + loquor, to speak] In auscul- 
tation of the chest, tbe transmission of the sounds of the patienfs voice to the 
examiner’s ear 

Ped'icle [L a little foot, diminutive of pes (ped-)] A stalk 
Pepsin’ogen (pepsin + G root gen produce) The inactive enxyme secreted by 
the gastnc glands and converted to active pepsm by acid 
Per- through] A prefix denoting through, around, (in chemistry) the highest 
compound m a senes 

Percussion (pur kush'un) [L. percussio, a beating] A method of physical exam- 
mation, especially of the chest, in which the nature of underlying structure is 
determined from the sound caused by tapping with an instrument or finger 
Per'l- [G around beyond, surrounding] A prefix meaning around, surround 
ing, exceedingly 

Pen'pheral (G pen. around + phero, I cany] In a position away from the 
center of the body or of any organ or part, nearer the circumference 
Pe’trous [G petra a rock] Hard, like stone 

Phe'notype [G phaino, display + typos, model] The appearance, structure, 
coloring and other characteristics of an organism 



698 GLOSSARY 


Phlcbi'tis [G phleps (p/ileh ) a vcm + lus meaning inflimmaiion] Inflamma 
tion of a vcm 

Plilebot'om} [G phleps (pMeb ) a vein + tome a cutting) Incision into a 
vein, as for withdrawing blood 

Pho'bia [G phoho$ fear) An unreasonable fear of some particular thing or 
condition For example claustrophobia is a morbid fear of any closed space 
agoraphobia fear of open spaces The term is also used to indicate hypersen 
sitivuy to some form of stimulation eg photophobia pain in the eyes and 
spasm of the hds to a light which normally would cause no discomfort 
Phos'pliagen [phosphorus (phos light + pharos, bearing) + root gen) Crea 
tme phosphate phosphocrcatme 

Pho'topbo'bia [G phos {phol) + phobia] Hypersensitivity of the eyes to light 
Pho'losyn'ihcsis [G phos (phol) + synihrtis] The formation of carbohydrate 
from carbon dioxide and water, and the liberation of oxygen by sunlight act 
mg upon chlorophyll 

Phrcn'ic [G phren diaphragm] Relating to the diaphragm 
Phrcni'lis [G phren diaphragm scat of the emotions (an ancient belief) + llis 
inflammation] Delirium inflammation of the brain 
Phjlogen'csis, phjiog'eny [G phyle, pfiyfoii a tnbe + genesis origin] The dc 
vclopment (evolution) of a race of animals or plants see Ontogenesis 
Pliy'lum [L fr G phylan a tnbe race] In the classification of animals or 
plants a large division below the Subkingdom and above the Subphylum or 
the Class 

Pl'slfotm IL. pKwrrt pea + forma fonn] Resembling a pea in shape and size 
Plank'lon (G plankios wandering] Minute free swimming or floating manne 
organisms either of the animal or vegetable kingdom 
Plant fir (L planta (he sole of the fool) Relating io (he sole of (he foot 
Plas'ma clea'moce A term for (he volume of plasma from which a substance 
(such as urea) is completely removed by the kidney and excreted m the 
urine It is determined by dividing the figure for the total quantity of the sub- 
stance excreted m the urine per minute by its concentration in the plasma 
UV 

Thus “pT ~ plasma clearance U is the concentration of the substance 
(eg urea). V is the volume of the unne secreted per minute and P is the 
concentration of the substance in (he plasma 
Pleth'ora [O pfethore fullness] A fullness an excess especially of blood con 
gestlon 

PIcx'us IL a braid) An inlcrlaccmcnl or network of nerves (nerve plexus) or 
of veins (venous plexus) 

Pli ca, -ac circula ns -es [fr L plica a fold 4- circularis in the form of a small 
Circle) One of the transversely circular folds of mucous membrane in the 
small intestine 

Potyu'na (G poly many, much + owrfw unne] Excessive secretion of urine 
Post (L after] A prefix meaning after, behind 
Prae See Pre 

Pre (L prae before) A prefix meaning before in front of 
Priv'atlve (L. pnvalto, to deprive negabon) The Kltcr a used as a prefix in 
words of Greek origin to indicate negation, not as atypical not typical 
Pro- (G before) A prefix denoting before forward 

Pro’cess [L processus an advance or progress] (1) A physiological or patho- 
logical mode of action (2) In anatomy, a projection from the mam part of 
any structure — e g bone nerve cell (axons and dendnics), etc 
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Prolapse (pr6-laps ) [L prolapsis a fall ngl The descent of an organ from its 
normal pos tion eg prolapse of the M/erttf 
Proliferation [U proles ofTsprmc + fero to bear} Multiplication of the cells of 
any tissue usually tn the sense of excessive 
Protozo'on, >0 (G proios first + zoon an animal] An animal composed of a 
single cell unicellular animal 

Proximal [L. proximiim next nearest) Nearer to the center of the body or to 
(he ongin of any sfruefure— artery nerve limb etc as opposed (o 
distal 

Pterjgold (ter'Igoyd) [0 pteryx ipteryg-) a wing + etdos a resemblance] 
Resembl ng a wine 

Ptosis [G a fall ng] A falling down prolapse of any structure but especially 
drooping of one or both eyelids 

Pulse pressure The pressure of the arterial system m excess of the diastolic pres 
sure For example if the d astolic pressure amounts to 80 mm of mercury 
and the systolic pressure to 120 mm the pulse pressure will be 40 mm of 
mercury 

Purpura (pur pQ rah) [L fr G porphyra purple) A hemorrhagic state m 
which s^nlaneous bleeding occurs into the sul^utaneous tissues, deeper lay 
ers of the skin into or from the surface of mucous membranes or into joints 
and other structures It is often due to a deficiency of platelets 
Pyogenic [G pyon pus + root gen to produce] Relating to any agent that 
causes the formation of pus especially certain bacteria (e e staphylococci) 
Pyram Idal Shaped like a pyramid 
I^'r'Jfonn ft pirtum a pear + forma form] Pear shaped 
Pyrogen Ic (G pyr hre + root gen to produce) Heat producing causing fever 

Qundneepi (L quadrt four caput a head) Four heads term applied to the 
large muscle on the front of the thigh (quadriceps extensor) 

Quadrigem Inal (L quadri four + qemtnus twin] Rcfernnc to any structure 
having four similar parts hut especially to the four bodies on the dorsal as 
pect of the m dbrain (quadrigeminal bodies or colliculi) 

Quinsy [ME corruption of Med L qumancta U G cyaud e sore throat dog 
Ihrottl ng dog collar fr kynon dog + nne/ein to throttle) Inflammation of 
the tonsils with suppuration (suppurative tonsillitis) 

Rale (rahl) [Fr rattle] A crackline clicking bubbl ng rubbing or whistling 
sound heard upon auscultating the chest m certain d seases of the lungs 
Ramus, i [L a branch] A branch as of an artery or nerve or a bar like part 
of a bone such as the ramus of the mandible 
Reac'lion [re -(• action] (DA term indicating the acidic neutral or bas c na 
(ure of any material — eg acid react on neutral reacton basic reaction 
(2) The response of the ^y or of any tissue especially muscle and nerve 
to a stimulus (3) In chem stry the interaction occurnne between two or 
more chemicals in wh ch an exchange of molecules results in new compounds 
being formed 

Reces'sive [L recedo {recessus) draw back] An hereditary character that is 
latent or masked by another character called donunant 
Regurgitation (regurj it a shun) [L. re back + gurguo (atus) flood] The 
movement of matenal mad rection the reverse of normal as the passage 
of the stomach contents into the esophagus (usually without vomiting) of 
duodenal contents into the stomach or of blood from the aorta during dias 
tole into the left ventricle 
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Reis'sntc’s mem'bnsne. The membfaoe of the mlernal ear that separates the 
scala vestiboli from the cochlear duct 
Re'nal clea'rance. See Plasma clearance 

Retlc'nlo^ndothe'Ual sys'tem ft reticulum, a network + endothelial, relating 
to the endothelial tissues] A system of cells in or associated with various 
reticular and endothelial structures, and also present in the general connective 
tissues, they have diverse functions There are several types of these cells, 
some of those in the connective tissues are wandering, others are fixed Those 
in the reticulum of the spleen are very large and phagocytic (macrophages), 
and those in the blood sinuses of the liver (Ktip[}er cells) as well as some m 
the general connective tissues convert hemoglobin info bile pigment Otben 
are found in the reticulum of the bone marrow The monocytes of the blood 
and certain small cells in neuroglia (microg/ia) belong to this system 
Redc'ulum [L. diminutive of rete. a nci] A fine network 
Re'lro* [L back, backwards] A prefix meaning backwards, behind, posterior to 
Rhe'obase [G rheoi, a stream (current) + basis, base] The minimal strength 
of an electric current that, acting lor an indefinite but fairly long time, causes 
excitation of a tissue e g , nerve or muscle 
Rhotn'boid [G rhombos + etdos, a resemblance] Resembling a rhombus, which 
IS a figure (exclusive of the square) with four equal and parallel sides 


Santori'nPs duct An accessory pancreatic duct 

Sdatic foramen (si atTk for*a'men) fcormption of O iscMadikos fr tsehion 
the hip] One of the two foramina, greater and lesser, formed by a ligament 
closing the gap of the corresponding sciatic notch of the os coxae 
Sdat'ic notch (prec ] One of the two notches greater and lesser, of the os coxae 
The greater sciatic notch is the large indentation on the postenor border of 
the ilium below the postenor infenor spine, the lesser sciatic notch is situated 
on the posterior border of the ischium just above the tuberosity Both notches 
are converted into foramina tn the living subject by ligaments 
Sciatica (si at ika) Inflammation or pain m the sciatic nerve 
Sclero'sls [G sklerosis hardness) Induration, hardening of a structure, such as 
the walls of arteries (arteriosclerosis) due to the deposition of calcium salts or 
of any tissue, such as nervous or ^patic, by the replacement of its paren- 
chyma by fibrous tissue 

Semi- IL semis, half] Prefix meaning half, equivalent to Greek heint 
Se'roua (foil] (1) Relating to serum (2) Qualifying certain membranes 
(j membranes) that are covered by a layer of mesothelium — eg, perito- 
neum, pleura, etc 

Se'nim [L whey] Blood fluid from which the fibrinogen has separated out 
through clotting of plasma 

SIg'moId [O sigma letter S + fi^os. a rescmbfaacc] S shaped, e g . the sigmoid 
colon (iliac and pelvic colons) which together form an S shaped curve 
Spay'Ing IG spaddn a eunuch] Ovanectomy, castration of a female 
Species (spe'shfz) (L kind, form, appearance] In the classificaUon of animals 
and plants, the division next below the Genus, its members interbreed 
Specific gravity (abbreviated Sp g ) The weight of any given substance as 
compared with an equal weight of distilled water Thus, water as having value 
1 000, the specific gravity of unne is 1 002—1 030 (depending upon the con- 
centration) , blood, \ 055-1 060; plasma. 1 022-1,26, and cerebrospinal fluid, 

1 006-1 OS 

Sphyifmotnam (G sphygmos, pulse + gramma, a record] A pulse tracing 
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Sph^g'momanom'eter fG. sphygmos, pulse + ntanos, pressed (pressure) + 
metron, measure] An instrument for measunog the blood pressure 
Spi'na bifida [L spina, a spme, thorn, the back + bifida, cleft into two parts] 
A congemtal anomaly m which the arches of the vertebrae of a portion of the 
spinal column are absent or defective so that the spinal membranes protrude, 
or even the cord itself, and come to lie just beneath the soft tissues of the 
back. It occurs most commonly in the lumbar region 
Sta'ble, staliile [L stabilis, steady] Firm, steady, not susceptible to change, 
applied to a chemical compound or to temperament, behavior, mentality, etc 
Stellate [L stella, a star] Star-shaped 

Steno'sis [G stenos, narrow] A narrowing, usually applied to an orifice or tube, 
e g , aortic stenosis 

Sten'son's duct. The duct of the parotid gland 

Stokes-Adams disease. Heart block, causing a slow pulse, with arteriosclerosis, 
the combination of the two conditions making for a low diastolic pressure 
and consequent interference with the blood supply to the brain Attacks of 
syncope and convulsions result 

Sto'ma-^osuta {G stoma {-atts), a mouth] Any mouth like opening 
Stomati'tis [G stoma (-atis), a mouth + tiu inflammation] Inflammation of 
the mouth 

Stri'a [L a furrow or Iinej A fine line, Imear groove, or elevation 
Stri’atioa [prec ] The appearance given by numerous fine lines 
Stro'ma — stromata (G a bed, mattress) The h’amework of any tissue or organ, 
It t$ usually composed of connective tissue 
Sty» stye (sU) [fr OE stigan, to nse] Inflammation of one of the small glands 
at the margm of an eyelid, hordeolum 
Sub* IL below] A preu indicating below, less than 

Sal'cus [L a furrow, a ditch] A narrow, relatively deep, depression in any struc* 
ture, but especially in the cerebral cortex 
Su’per*, su'pra- [L above, beyond] A prefix indicating above, beyond, greater 
than, on the upper side 

Snppura'don [L ruppura (-dfur). to form pus (pur)] Pus formation 
Su'ture [L sutura, a seam] (1) A surgical stitching (2) One of the lomts be- 
tween the bones of the skull 

Sym'patholyfie [sympatho, U G ryn. with + pathos, feeling -J- lysa (///-), 
freeing from, dissolution] Referring to the action of certain agents in tempo- 
ranly paralyzing sympathetic nerve fibers 
Sym'pathomimefic \sympatho (prec ) + G mimikos, imitating] Referring to 
any drug or other agent, e g , adrenaline that imitates the action of sympa- 
thetic nerve fibers 

Syn-, syin- (G together with] A prefix naeaning with, together, joined, equiva- 
lent to LaUn con- 

Synarthro'sis [G. syn, together + arthrosis, articulation] An immovable junc- 
tion between two bones without an intervening joint 
Sync/tinm [G syn, together, with -p kytos, a hollow (cell)] A mass of multi- 
nucleated protoplasm, such as the cardiac muscle, m which the cells are not 
distmct and separate umts, but are contmuous with one another without an 
intervening cell membrane 

Syndesmo'sls [G syndesmos, ligament, fr syn, together + deo, bind] A synar- 
throsis in which the opposed bones are held together by fibrous tissue, as at 
the lower ends of the tibia and fibula 

Syndrome (sin'drOm or sin'dr6-me) [G syn, together -f dromos, a running] 
A group of symptoms which (runnmg) together form the picture of a disease 
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S>n thesis [G syn together ihesu a pulling an arrao|emeniJ A bu Iding up 
of smaller parts into a larger whole Ihe putting together of smaller chem cal 
groups to form larger and more complex compounds 

To bes dorsa'lis tabes fl wasting away + dorsaUs of the back] A nervous 
disease affecting the ganglia of the posterior spinal nerve roots and jwsterior 
columns of the spinal coid It is ^aractenzed by ataxia loss of the knee 
jerks severe shooting pains and often atrophy of the optic nerve It is usu 
ally the result of syphilis 

Tach ycar'dia (k) (G tachys rapid + kardia heart] Rapid action of the heart 
Taeh yphylax'is (k) [G tachys rapid + phylasis protection] Loss of or reduc- 
tion in sensitivity to any agent tolerance following repeated use 
Tax'ia, tax'ts fG order arrangement] (1) SufTix in words of Greek origin- 
(2) The word is also used alone and then means to correct a dislocation or 
to return a hernia by gentle pressure to its normal position (3) The tendency 
for certain organisms to move toward or away from a particular thing or stale 
or to arrange themselves in a position relating to that particular thing or state 
The word is then usually used as in (1) above eUctraiaxu cHemoiaxu ther 
mataxis etc 

Telophase IG telos end futhllment -f piasts appearance] The final stage of 
mitosis 

Ther'molablle (G therme heat + L hhlUs perishable] Susceptible to change 
or destruction by heat 

Ther'mosfa ble, (lier'mosta bile |0 therme heat -f L stabihr stable] Not 
altered by moderate heat 

Thrombo'sU (G a curdling] Cloit ng of blood within the vascular system 
Throm bus (O thromhos a clot curd) A clot within a blood ves<(el 
Thymus [O thymos an excrescence sweetbread] A soft structure occupying 
the upper part of (he mediastinum and lower extremity of the neck It s rela 
lively large in infants but shrinks in later childhood and is a mere vestige m 
adults It consists of a reticulum the spaces of which are packed with lym 
pbocytes Us outer psrt is esUed the cortex its central part the tnedulU. Scit 
Icfcd throughout the latter are peculiar bodies known as fiassalPs corpiucles 
and composed of concentric layers of flat ep Ihel al cells surround ng a large 
round granular cell Though it has been suggested that the thymus is an endo- 
crine organ there is no definite evidence that it should be classed as such its 
function is obscure 

Thy'rofoxlco sis [ihyro Ohyrold) + G toxiecn po son + ortv slate or condi 
t on] The cond tion caused by an excess of thyroid hormone — e g exoph 
Ihalmic goiter 

Ti dal air The air breathed during ordinary respiration it amounis to about 
500 ec in man 

Tone [O tonos tone or a tone] (1) Continuous action as $a d of a nerve (such 
as the vagus) or of the slight continuous contraction of healthy muscle 
(2) The pitch of a sound (3) A qual ty of color depth brill ance Jnlcnsit) 
Trans- IL across through beyond] A prefix meaning across through beyond 
Traum a— traumata {G a wound) A svound or injury usually one caused by 
violence or some mechanical agency 

TrI be fL iribtu] In the classification of animals and plants a subdiv s on of the 
Famit} frequently synonymous wlh Suh/amily 
Tri cep* IL irl three -f eapiit a head] Applied to any structure but especially 
a muscle that has three heads or ongins 
Tfoch lea (k) IL a pulley] A pulley 
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Troch'old joint (k) [G irorhos wheel 4- eidos, a resemblance] A pivot joint, 
such as that between the odontoid process of the axis vertebra and the atlas 
Tro'pism [G trope, a turning] The tendency for certain organisms to turn 
toward something as growing sprouts of plants turn toward the light, photo 
iropism and its roots into the ground, geotropism 
Tu'bercle [L fr itibercuhim diminutive of tuber, a swelling] (1) a small cir- 
cumscribed elevation on a bone (2) The lesion in tuberculosis 
Tufaeros'ity [L tuberositas an elevation, or swelling] An elevation on a bone 
larger than a tubercle 

Tympani'tes [fr G tympanon a drum] Swelling of the abdomen due to gas 
in the intestine or, rarely, m the pcntoneal cavity 

Ul'tra [L beyond] A prefix meaning beyond excessive 
Urtrafiltra'tion [prec 4- filtration] The separation of salts (crytalloids) from 
colloids by fillration 

U'vea [L uvea a grape] The middle coal of the eyeball, consisting of the 
choroid ciliary muscle and ins 
G'veal tract Uvea 

Ya'gusstopfe [lagMs + Ger staff e substance] The humor formed at the ter- 
minals of the vagus nerve acetylcholine 
Vallate (L vallo (ate) surround with fr vallum a rampart] Referring to cer- 
tain structures eg, papillae of the tongue, (hat are surrounded by a circular 
moatlike depression bounded to turn by a slightly elevated rim 
Vallec'ula [L diminutive of vallis a valley] The depression on either side of the 
tongue or of the vermis of the cerebellum 
VancelTa (L diminutive of variola] Chickenpox 
VanoTa [L diminutive of varius spotted) Smallpox 

Vas (L vasa (genitive, plural \asorum), a vessel dish] A vessel or tube, eg 
vas deferens 

Ya'sa vasor'um [prec ] The small blood vessels supplying the walls of the larger 
artenes 

Vas'cular [L vasculum diminutive of \as a vessel] Referring to any tube or 
system of tubes containing fluid but most commonly to the blood vessels or 
lymphatics 

Va'somoTor. Referring to changes in the calibers of the blood vessels 
Ven'trad [L venter, belly] Toward the ventral aspect, opposed to dorsad 
Ven'tral [prec] Indicating the front aspect of the human body or the under 
side of a quadruped, opposed to dorsal 

Vermiform JL vermis a worm + forma form] Wormlike, e g , vermiform 
appendix 

Ver'^ casco'sa [L vernix varnish + easeus cheese] The fatty substance on 
the skin of the newborn 
Vestlb'ular mcm'brane. Reissner’s membrane 
Vestib'ular or'gan The utricle and saccule 
Vi'ral Relating to viruses 

Yi'nis — viruses [L. poison) One of a group of infecting agents of uncertain 
nature but probably a large and complex nucleoprotein molecule near the 
border line between the living and the nonliving Unlike bacteria they can 
multiply only within cells They are much smaller than bactena being able 
to pass through a filter with much finer pores than those required to hold back 
bactena hence the term ffltrable iiruses Though viruses cannot be seen 
through an ordinary type of microscope, bov,evcr powerful, the electron mi- 
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croscope reveals minute objects called ejementary bodies that are probably the 
Viruses themselves 

Visconty {L vucosus vucid viscousl Sticluness internal fnction of a liquid or 
semihquid as measured by the rate at which the material flows along a narrow 
tube The value is expressed m relation to the viscosity of water taken as 1 

Viscous fprec ] Sticky glutinous 

Vis'cD^viscera [L. an internal part] Any internal organ but espeaally of the 
thorax abdomen or pelvis 

Vo br [L vola palm of the band or sole of the foot] Relating to the palm of 
the hand or the sole of the foot or to any similarly directed part — e g the 
front of the arm or the back of the leg It is synonymous with ventral and 
palmar in the former instance and with donal and plantar in the latter 

^Vhar'ton s duct The duct of the submaxiUary gland 

Whirtow feiymology dubouj perhaps corruption fr OE quick (which) or 
white -b flaw] InBammation of the soft (issue m the neighborhood of a nail 
paronychia 

^irsung^s duct The pancreatic duct 

WIs'dom tooth One of the four molar teeth that erupt very late — from the eight 
eenth to the twenty third year it is the third molar on each side of the upper 
or the lower jaw 

Zoology {G toon an animal + logos treatise discussion] The study of am 
mals their classification structure and pbys ology etc 

zymogen (G zyme leaven (en-yme) + root gen produce] The substance 
from which an enzyme is form^ ptoenzyrne 
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Linear measures 

The unit of the metric system is the meter which is the one ten millionth 
part of the meridian quadrant of the earth In the nomenclature of the sys 
tem, multiples of the meter are indicated by prefixes den\ed from the Greek, 
as folloi^s 

Meter decameter, 10 meters hectometer, 100 meters, kilometer, 1000 
meters 

Fractions of the meter are indicated by prefixes dcDN ed from the Latin, 
as follows 

Meter, decimeter, meter centimeter, meter, millimeter, Kooo 
meter 

In microscopy, the unit of measure is Hooo ^ millimeter, called micros 
(symbol n) 

Weights 

The unit of weight is the gram or gramme, abbreviation, usually g or 
gra It is practically the weight of one cubic centimeter of distilled water at 
its maximum density (4’’C ) Multiples of this unit are designated by pre- 
fixes derived from the Greek numerals as follows 

Gram, decagram, 10 grams, hectogram, 100 grams kilogram (abbr kilo), 
1000 grams 

Fractions of the gram are designated by prefixes, den\ ed from the Latm 
numerals as follows 

Gram decigram gram centigram, milligram M^ooogram, 

Mooo milligram (or Hoooooo gram) is called a microgram or gamma (sjm 
7)» Kooo micron or Hoooooo millimeter called the millimicron (symbol 
mu), and Hoooo micron called the Angstrom unit (sjTnbol A, or abbrevi- 
ated A U). are used as measures of the wai elcngtbs of fight. 

Fluid measure, volume, capacity 

The unit of lolumeis the cubic decimeter, called a liter one liter of water 
weighs practically 1 kilogram. It is divided mto the dealiter. Ho 
707 
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Ounces 

Kilograms (4.Toirdupois) 
1 SS £7 

5 170 37 

lO S52 74 


Pounds 

Kilograms (Avoudupois) 
1 2 £048 

5 11 0240 

10 ££ 0480 


Flwd Measures 

One liter =» 1 76 imperial pints or 2 I U S pints, 1 cubic centimeter * 17 
minims (British) or 1CJ<J minims (US) 

One imperial gallon = 4 55 liters I U S gallon = S 79 liters, 1 imperial 
pint = 568 culite centimeters, lU S pmt *= 473 cubic centimeters, I fluid 
ounce (British) « 28 4 cubic centimeters I fluid ounce (U S ) «» 89 5 cubic 
centimeters 1 fluid drachm (British) » S 5cubic centimeters Ifluiddrachni 
(U S ) = 8 7 cubic centimeters, 1 mmim = 0 005 cubic centimeter 
To convert liters to imperial gallons, multiply by 28 and dinde by 100 
to con^ erl liters to U S gallons multiply bj 265 and dmde by 1000 
moving the decimal point three places to the left), to convert imperial gal 
Ions to liters divide by 22 and multipb by 100 to convert U S gallons to 
liters divide by 265 and multiply by 1000 


Maine equlvalanls of U S measures 



Cubic 

Fluid 

Cubic 

Fluid 

Cubie 

Minims 

Cenlimetefs 

Draebros 

Centimeters 

Ounces 

Centimeters 

1 

0 061G16 

I 

3 m086 

1 

£0 5''06a6 

5 

0 S080S1 

5 

18 4S54SI 

6 

177 460118 

10 

0 610181 



le (pt ) 

473 £26078 

15 

0 fl£4272 






Metric equivalents of Brillsh (Imperlol) measures 



Cubic 

Fluid 

Cubic 

Fluid 

Cubic 

Mmims 

Centimeters 

Drachms 

Centimeters 

Oinces 

Centimeters 

1 

0 059«05 

1 

3 5523 

1 

£8 4184 

5 

0 £06025 

5 

17 7615 

5 

142 0920 

10 

0 50^050 



10 

884 1840 

15 

0 888075 



so (pt.) 

568 3680 

£0 

1 184100 





IquWalents of meVrlt In U S 


measures 


Cubic 

Centimeters Mitums 


later Fluid ounces 


0 I I 62S41 I 33 82108 

0 3 8 11700 

1 0 16 £3418 

5 0 81 170C1 

10 0 162 34122 


PmU 
2 11381 
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Equivalents of metric in Imperial measures 


Cubic 

Centimeters 

Jlinims 

Liters Fluid ounces 

Pmts 

0 1 

1 68911 

1 35 19601 

1 7508 J 

0 5 

8 445S0 



1 0 

16 8S112 



5 0 

84 45560 



30 f> 

168 mas 




MEASURES OF ENERGY 

One kilograraineter is the energy or force expended in raising a weight of 
1 kilogram to a height of 1 meter One foot pound is the encrgs or force ex 
pended in raising a weight of 1 pound avoirdupois to a height of 1 foot 
One kilogrammeter = 7 24 foot pounds 
One foot pound = 0 1381 kilogrammeter 

SYMBOLS 

nj tninim > 

9 scruple 

S drachm < 

S ounce 

0 pint 

p micron 

pp micromicroQ * 

m misce mix t 

+ plus excess acid reaction posilnc 9 

— minus deficiency alkaline reaction o' 

negative 

± plus or minus either positive or oeg 

ative, indefinite 


treater than whence from vi Inch is 
derived 

less than from derived from 

mfinity 

ratio is to 

equality between ratios as 

hulh 

death 

female. 

male 
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COaiPAKATIVE TESn'EnATOKE SCAEES 


Crnllin' 

«!. 

100 

1 

99- 

1 

80- 

70 

1 

1 

1 

80 

j 

lo- 

1 

se- 

M 

10- 

= 

0- 

1 

19* 

1 

20- 

1 


M 


The zero of the cenUgrsdc scale morlcs the tem 
perature of melting ice (32®P ) , the zero of the Fahr 
cnheit scale is on arbitrary point* that of the lowest 
temperature obserxed by the deviser of the scale 
during the winter of 1709 practically the tempera 
ture of a ouxturc of ice and salt, it corresponds to 
--17 77“C The temperature of boiling water, at 
sea level* is marked 100^ on Uie centigrade scale and 
219® on the Fahrenheit scale A degree F is there- 
fore ^9 degree C 

The following are rules for the com ersion of the 
temperature of one scale into that of one of the 
others 

Above O^C or 93^F 

F to C subtract 32 multiply by 5 divide by 0 
C to F n)ultipl> by 0, divide by 5 add S2 

Between 0* and S2^F or -’17 77, and O^C 

F to C subtract from 32 multiply by 5, divide by 0 
C toF mulbply by 0, divide by 5, subtract from 32 
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A CXASSIFICATIOIV OF THE PROTEBVS 


WMOtnonnt j 

1 cuucTnimei 

1 txuerus 


A. Stmflt frt/aiu 


(1) 

Sotubte to witrr uul eoaguUbV ^ bett. 
Pmest to betb uufflil tod pUot tunics 

1 

5eriin slSnnin r{{ aliumtii ladol^Binta 
aad vanous vegetable albuaibs tueb as 
trveena (b wbeai rye aod barley) Irgit- 
mdi» b lesiSi, soy hata baas aad 
peas aod fUad h m kidney bean 

Q) aAtiM 

SuhblcutdihilessEDetoIutiiiM fesobible 
to vtlcr AoudsI (tobutios ore cMpi I 
hted by bcoL Veteubk ctabotioi la | 
pcrtcniy or oat coofclilrd Io> bcsl ^ 

Str^m {leW a finiuieit (tod ftrtm) Mtl 
Un of rgg yolk and vegetable globaliai 
tucb as Mcrfrta (Brazil-Dul] rd<Hi« 
(bemp) fiaseelui fkidory bean) l/fa- 
■la (peas aod lestHs) aod Ivienn (po- 
tato) A cumber ol other vtpuble 
gbbolins have been isoEsied and named 

(}) CTKic^iM 

FMod oo]y la pUnU. lotohibte fai water 
taCflc or okobel bat tolabk to nsy 
dilute olkoG 

Qkiiaio ef wheat, eryireia of nee and 
gf»((/>a ef malse 

(4) frtiatuuta a 

Found In cereals (escept nee) tobible in 

1 Cfiodis of wheat, brdna ef barley and 

Ctuniimt 

70-90 per ccct ateo&oL Zasoiubie in 
vster They cootalo a Urte (mpotlure 
«f pnGae sod aamoola wiresen 

ana ef maise 

(5) ^ftcmuM^er 

E^t^Dy muissi to (be ostcit reagnts. 

JTcrstie of hair skin bene featbns, tor 

tttmjuietu 

They ester tsto the cDottntcboa «( 
pnitecure sod esonrebre tioaes, 
tkia iei)doai.lipaeou and bones 

(ou« ibell and rgg ibeO, dasdn taOa 
fnt orma sod gdbss cf trodoos, Sg 
aDeBti,leBr etc 

(«} Blslgta 

Soluble la wits sad precipruttd by aa>- 
BOiua tohitwa aad by alkaloidt. ‘They 
coataln a large perceaup of duaioo 
arldi(p.d»> 

Clth» ^ betoeglobin ttywiu kirfoar 
acnnlroa sod lodar ktrbar b sperms- 
teuea ef mackrrtl sod cod fiib mpee 
bveJy 

(7) iVtfsBTMr 

Fooad b eeal^ben wttb ndae aod 
b beads of Csb ^lenBatocE*. Coo- 
strutted predoBuBantly of dumioo 

adds 

Saimin* and (iartae b apeneatoena of 
salmon and aluigeon respecuvcly 


6 frtinut Prstcin*«boKB)okeufei»CDmUMdwiiktiieOirrnonpn)leia|rCTlp 


(I) TfaekayrMcai j 

(7) Ctmufrataiu | 

(5) Ojttptthana | 

(f) lififteltiaa \ 

(J) Fksiybpretnsi 

Tfudde aad m ccaibbabos with s protem 
bebngipg usually to tbs elaas of bu tonea 
or prataminea. Found b ceU coda 
^leb b combioatMQ with a pigment 
(s. g-,bcmatu) coalsiouig boa copper 
or other metal 

Protons ether than Bueleopfoteias u 
combbaljoa with a carbobydialc group 

Protons b combuiatroo with bpid 
Protons other rlua Dudeeprutcus and 
leatbopieteins b oaobinatiMi with a { 
pboqtberos-ceBtaiabg group 

Seccb.«g 

Hrtnoglobm bemecyanin, etCi 

ifons b sal vary gistnc and btestuial 
secxttreni rmmtifti of egg white and 
tl^iJrniaeetd of csrljage 

Present b plasma, milk cell nuclei 
CoisMteii (and casern) tUtSia of egg 
yolk 

C. Jertwtfier gf fta4aio—-ittati grsMrai Tbeae are prodoeed by the sctioo of adds, atkiGa or proteolytic 
ensymes upon certain ef the protons luted above 

(a) Ptimorj ittitaltaa \ 
(1) iVoboiu 1 

Insoluble products formed b the early 
stage of (be accioa upon protons of 
water dilutt aods aod casyises 
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CIASSHFICATION OF XIDE PKOTEEVS (COST.) 



C DanaUmxal t'rtruu—iatatU pt*t 

tat.— CMbaaed 

(1) UiUtieltws 

(3) CespiaSei frt- 

tettu 

(b) Stttniirf JmfoMa 

Fonaed In « lain tttge ol tbt «ctwn et 
tdd or alkali 

Fomnl by the attlonolbatof of akobol 
upon loIutMtui ol preldna 

Aodmet^fotBB aUtllmctapreteB 

(i) FrgltBut 

0) Ftflentt 

Formed by tbeaetio, d ptpsa or tiypsi, 
Dpoa pratelna Tlwy an aoliilile in 
Water Itom wblcb they are preopiuted 
bytatu atianwitbaenBonamfuIpbate. 
Ibey are incoa{attble by beat 

1 Tbcae repmeat a lurtber auie In actioq 
of pralto^ue eniyiM*. TVy are aolo- 
' ble in water but are Mt pnopiuinj 

1 hns) an arjoeoui nhitint ^ anrao- 
DiiuD aulpbate. They an aol co*(ol*tr<) 
by beat 

Alhnura fren dboma {Iphiint from 
(foboBa, tut*n tieai cairin 

(3) Ftfhia 

tida yiftpiiia 

Preduett (orteed ta (be bail itatn ol 
proteolytic difcHiM 

ClycyUUniae locylThtaaile aefd, eie. 


A WST or THE ABIEVO ACIBS PKESENT BV 
MOST COMPLETE PBOTEEVS 


L Aununc Avno-AoM 

A. »<tdt 

C1yaa« (of (lycMlT) CiHJ^Ot or «BiD»'MetSe 
■ad 

CHi— NH, 

I 

COOH 

Aksloe CAtNOi or (r-unlno-praplonie •od 
CHi CH— Nil, 

coon 

Scriat C^,KO) «( «Amln»^hydm7 prapMnSe 
•dd 

Cn, CH—NH, 

} I 

OB coon 

Tbnoaloe CalliNOa 


Korlnicln* CB pNO, 

CHi CD, CB. CD, CH— ND, 


COOH 


Lfvdnc, C^pNDi 
CU, 


CH CB, CB— KB, 


Iio)flidD« CUIuNOi, 

CH. 

CB OI— N1 

/ ! 

CH, CH, COOH 


cB.cn cn— Ml, 

! I 

on coon 

Valine CJIuNO, 

CU, 

\ 

cn cn— Ml, 
/ I 


cn, coon 


^u{/Aiir-<»nla><itn{ pionfcmint'rMnoC‘‘rt*X 
ectdt 

Cyitlne CiU tKiSiOi, 


cn— NB, 

1 

coon 


CH—NH, 

I 

coon 
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AimNO Acms PRESENT IN MOST COMPEETE 
PROTEINS (CONT.) 


Methionine, CJTuSKOi, 
thioI-H-butyric add 

CH, -S • CHi • CH, • CH— NHi 

I 

cooa 

B. ilfneamino-dUarboxytie atiis 
Aspartic add, C4H1KO,, 

COOH-CHi-CH— NHi 

I 

COOK 

Glutamic add, CtHiN04, or a-amino-glutaric 
add 

COOH • CH,CH,CH— NH, 

1 

COOK 

Hydroiy{hitunie add, CtMtNOt, 


C60H • CHiCHOH • CK— NH, 
COOH 

C. Dim{tu-mfne<afbciylit ocidr 
Arginine, C^IhNiOj, 


NH, 

I 

HN— C— NH- CH, • CH, • CH, • CH— NH, 

I 


COOH 


Lysine, CJI,«N,Oj, 

NH, 

I 

CH, -ar, -CH, • CH,- CH— wr, 

I 

COOH 


n. AioMATic AutNO-Aan 
Fhenylalanine, CtHnNO,, 


Tyrosine, CJInNO,, 


H H 
(^C 
/ \ 

HO-C C— CH,.CH— NH, 

% ^ / 

c— C COOH 

H M 

HL HrritOCTCuc Asmo Acrw 
Tryptophane, CuHiiN,Oi, 


H 

C 

/ \ 

HC C C— CHn-CH— NH, 

111 I 

HC C CH 

% / I 

C N COOH 

H H 

Indole nucleus 

Histidine, C:,H,N, 0 >, 


CH='C-CH,-CH— NH, 

< ( I 

NH N 


rroline, CJI,NOi, 


air— CH, 

) 1 

CH, ai— COOH 

\ / 


NH 

Pyrrole nucleu, 


H H 


Hydroiyproline (oxyproline), C,H,NO,. 


\ 


C — CH.'CH— NH, 


HO— CH— CH, 

I i 

cn, ai— COOH 
\/ 


NH 


il H 
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AVERAGE COlUPOSinOnr AND ENERGY 
VAEEES OF EDIBEE PORTIONS OE 

soaiE coaiaioN food biateriaes 



menn 

iifi«<rr*u.n 

. 

WtUt 

fnUtn 

NX«JS 

n. 

Ctrte. 
tfdri t 

JUh 

Ferk« 

7«r 

p«u<l 


roM 

r*-* 

fitmt 

gramt 

#.«■, 

utwla 

MTwfa 

Hat. 








Bed, ratsd ttetk, nedinsi bt 

Si 8 

23S 

204 


1 2 

2 860 

1 300 

Hattea, tef nut 

S09 

250 

22 6 


t 2 

8 I2S 

t 420 

Porfc, lam, hincheoatieeon. tide | 

49 2 
M8 

22 S 
99 

21 0 
67 4 


58 

4 4 

2 870 

6 665 

1 305 
3030 

CUckra 








Bmlen 

74 8 

21 S 

2 S 


1 1 

1 no 

SOS 

Plili, cad, vliole 

826 

16 5 

04 


1 2 

715 

325 

Benist, vbote 

72S 

19 5 

7 1 


1 5 

1 455 

660 

Siltwa, vbote 

64 6 

220 

12 8 


1 4 

20W 

950 

TroBtilmolE irlwle 

77 8 

19 2 

2 1 


1 2 

980 

445 

Fits 








Butta 

no 

to 

850 


3 0 

7 930 

3 60S 

Ltrd 



l» 0 



9 2&S 

4 230 

Sttct 

1J7 

47 

81 8 


03 

7 790 

3 S40 

CbecK 








Amene»B,Kd 

286 

296 

88 8 


35 

4 765 

2 165 

M3ft 

870 

88 

4 0 

SO 

07 

7J5 

325 

£csvl‘R>*’,t>otJed 

7) 2 

U2 

12 0 


0 8 

1 685 

765 

Floor v1iit(v*kat 

It S 

It 4 

1 0 

IS 6 

0 5 

3 6S0 

1 660 

Srad,vhite 

3S 6 

9 8 

1 2 

52 7 

1 2 

2 650 

1 205 

Fndt 








Appla 

846 

o« 

0 5 

14 2 

0 3 

640 

290 

Biiauft 

75 8 

1 8 

06 

220 

08 

t 010 

460 

Chfmfi 

809 

10 

0 8 

16 7 

0 6 

80S 

365 

Gape {not 

936 

06 

0 1 

■QSJ 


267 

120 

Onaja 

869 

0 8 

0 2 

EDI 

0 5 

525 

240 

Ve(tUUa 




■Hi 



1 605 

BMia,dned 

12 6 

22S 

1 8 


3 5 

3 S30 


91 5 

f 6 

0 3 


1 0 

820 


tettaec 

947 

12 

08 


09 

206 


Fotxtoa 

75 5 

25 

01 

309 

1 0 

968 

440 

Sopr gnsoUted 




100 0 


4090 

1 860 

Qwcoltte 

89 

12 9 

48 7 

30 3 

2 2 

6 295 


Coco*, powder 

“ 

21 6 

28 9 

37 7 

7 2 

S 105 

2 320 
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HECOnoIENDED BfETAHV AtEOWANCES * 

(Food aad Nutrition Board National Research Conncil) 



CAlO«U 


^i25 


— 

— 

— 


'“S 


at 

I*i> 

mm 





a, 

fir 

-rt 





Man (70 Eg) 











Sedentary 

3500 




_ 

1 5 


15 

_ 


Modenlely active 

3000 

70 

08 

13 

5000 

1 8 

2 7 

18 


•• 

Very active 

4500 

— 

— 

— 


3 3 

33 

33 


- 

IVomanCSdEg} 











Sedentary 

3100 

— 

— 

— 


1 3 

1 8 

12 

_ 


Moderately active 

2500 

60 

08 

13 

SOCO 

1 5 

2 3 

15 

70 


Very active 

9000 

~ 

- 

— 

- 

1 8 

37 

IS 

— 

~ 

Fregoancy (latter 











ball) 

3500 

85 

1 S 

IS 

6000 

1 8 

3 S 

IS 

too 1 

400 to 800 

Lactatioa 

3000 

too 

1 

IS 

1 8000 

1 ^ ^ 

1 30 

23 

1 150 

400to8CiO 

Cblldrtn up to 13 yean 











Uader 1 year} 

lOO/bg 

3to4Ag 

i 0 

6 

1500 

0 4 

06 

4 

30 

400tol00 

W yeani 

1200 

40 

t 0 

7 

3000 

06 

0» 

6 

33 


4-dytan 

1600 

90 

t 0 

< 

3500 

08 

1 3 

8 

50 


7-9 yean 

3000 

60 

1 0 

10 

35CO 

2 0 

1 5 

10 

60 


1(^13 yean 

25CO 

70 

1 3 

13 

45(e 

1 3 

1 8 

12 

7S 

- 

CbJd eaevr 13yratv 











CIrla, IMSyear* 

2SOO 

80 

1 3 

U 

5000 

1 4 

3 0 

14 

80 


J6-»jtan 

3400 

75 


IS 

51X0 

1 3 

1 8 

12 

80 

“ 

Soya, 1S>1S year! 

3200 

U 

i 4 

IS 

30C* 

1 6 

2 4 

16 

90 

.. 

16-30 yeira 

3800 

too 



(COO 

2 0 

3 0 

20 

100 



* TcnUtlvc fosl toward wUcii to aia 1b pltoBlaf pnelleil dietarlc* can be nxl by a {ood diet ol Baton] food 
Such a diet wlU ilio provide other suDtnli tad vltamiB^ tbe nqatmsrats lot wUcb an in wtU koowiu 
1 1 ug (quail au J U I car aacotUc aeid cquili 30 LV 

t ReqalRmeats Buy be le» If provided aa viUibIb A If provided cUrSy aa the pro^laaia eareteoe. 

i Keeds of infanti leerraie Irora cnsnlti to moatk. Tbe aiBooaU pvea are lor approaSmately d-9 Doaliii. 
Tbe aaieunU of protein and eaknuai needed are leu if derived froa bumaa BHk. 

TAlIovaacesareba»edenBeediferlbeBJdd.ey<ariacKb|ioop(u3 5 ^ etc.) and far sndoate activity 
** Vtamin D ie mdoubledly Breuaary for older cbUdtco aad idulla. Wben aot avaHabte from lunablae It 
ibould be p ovided probably up to tbe minuaua amooBti recoraiotoded fro tidaatl. 

Firfitf Fuammmdituitt Aitfld 

Tbe requlmaeat for ud luli inuD proUbly about 0 003 to OXM aulCcnm a day for each LQograa of body 
weight. Tbla amounta to about 0.IS taOSOculDframdaily for tbe adult Tlus aced U eaidy BKt by tbe 
rrgular lue of lodued aalt ita UM u e^xdtOy Irapoctaot is tdoleacnce and pregaaney 
Tbe requirement (or ceyyrr for tdulta la la tbe adibba^ood of 1 0 to 3 0 mOUgruu a day ZafaaU and 
cbHilrtn require approauaatcly 0.0S per kOograai of bodywcfgbt. Tbe requireaieat for copper b approx 
IraaUIy eae-teatb el tbat for boa. 

Tbe requl eraent of vitimfa JT la uiuilly aatiafied by any good dbL Spedal conifdmtMa areda to be given 
to aewbom ialaota. TbyaicUiu cmaioBly give utainia £ ealbet to tbe aiotber before delivery et to tbe 
iafaat lannediaUly after Urtb. 
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sTAm>An0 Tii:iGnx accorduvg to 
nriGirr and age 

Men 
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ST/UVDAItD WEICnr ACCOKDING TO 
HEIGIIT AIVD AGE 

Women 







Index 


Abduction, 483 
Abscess, 89 

Absorption. 20, of food, se( under Food 
Ac globulin of plasma, 103 
fl-c interval of venous pulse, 182 
Acceleration* effect of on circulation 
154, 155, of heart, 188 
Accelerator nerves, see under Nerve 
Accessory food factors, see Vitamins 
Acclimatization to high altitude, 262 
Accommodation of eye, 593ff — m new 
bom, 679, of nerve, 467 
Acetone 370 

Acetylcholine, 567, action of on heart. 

191, 192, sleep and, 572 
Achromatic interval, see under Inicrval 
Achromatism 601 
AchroSdcxitnn, 300 
Achylia gastnea. 318 
Acid(s) acetic, 13, 360 aceloacetic. 
370, 436— -in urine, 275 amino, see 
Ammo acids, ascorbic 39) carbonic. 
12. 13, 14. lU. 112, U3. cholic. 331 
373. description of, 14, excretion of 
liO. fatty — esseatiai 399, 400 40), 
from fat. 334 372, folic. 76, 384 free 
m stomach, 313, 315, hyaluronic 51. 
hydrochloric. 7. 12, 13— -and secretin 
325, of gastric contents, 313. of gastnc 
juice. 307, 308, 309, hydrocyanic — 
poisoning by, 261, 263, smell of, 643. 
hydroxybutync, 370, 436, lactic — ac 
cumulation of in thiamin deficiency. 
389. action of an capillaries, 203, 
buffering of in blood, 1 1 1 and fa- 
tigue of muscle 491 492, as a glyco 
gen former, 369, from glucose, 369 
422 498, 499, in muscular coo 

traction. 498, 499, oxidation of, 498. 
499, in unne. 279, 280, linoleic, 4W), 
401, Iinolenic, 400, 401, nicotinic, 384, 
mine, 12, 13, 14, nucleic. 361, 366. 
oleic, 372, osmic, 46, palmitic, 372. 
pantothenic, see Pantothenic aod. 
para aminobenzoic see Para amino- 
benzoic acid, phosphoric, 12 13, 14, 
366, 367, pteroylglutamic, 7$, stearic, 
324 372, sulfuric, 12, 13, total in gas- 
tnc contents, 313, unc, 366, 367, 374— 
metabolism of. 366. m unne, 279, 280 
Acid base balance lOSff kidney and 
28 t 

Acidemia 114 


Acidosis, 113, in diabetes. 370, dyspnea 
in, 260, in nephritis, 284 
Acimis 0). 39, 294, 295 
Acoustic area, see under Area 
Acromegaly, 440 

ACTH see Hormone, adrenocQrtico 
trophic 
Actm. 497 

Action currents of brain, see Electro 
encephalogram of heart 177ff \ec 
also Electrocardiogram, of muscle, 494 
of nerve, 469-71 of optic nerve 585, 
of ttunsflee Elcctroretmogram 
Actomyosin, 42, 497 
Adaptation dark and light of eye 580 
581 of olfactory receptors, 643 of 
receptors see Glossary 
Addison’s disease, 420 
Adduction 483 
Adenine, 366, 367 

Adenohypophysis, 430 43 1 432 433, 
436, effects of exiraeis of 432 433 
436 functions of, 43lff overaciivity 
of. 440 

Adenoma of thyroid gland, 406 4D8 4)2 
Adenosinediphospbate, 497, 498 499 
Adenosmetriphosphatase (myosin } , 500 
(footnote) 

Adenosinetnphosphate, 497, 498, 499, 
500 

Adiposity, see Obesity 
ADP. see Adenosinediphospbate 
Adrenal cortex, 418, 419, 420 425-29 
action of pituitary on. 455, In elasmo 
branch fish, 418 419, estrone in. 428 
excessive activity of, 429 functions 
of, 425, and milk secretion, 455, pro 
gesttn in. 428. steroids of. 425. 426 
427, vitamin C m, 391, 428 
Adrenal glands. 122, 418-29, see obo 
Adrenal medulla and Adrenal cortex 
Adrenal insufficiency, 425, 426, basal 
metabolic rate in, 359 
Adrenal medulla, 418, 419-25, action of 
commercial extract, 420-23, nerves 
to. 565, overaciivity of, 425 
Adrenalectomy, effects of, 425 
Adrenaline, 420-23, 425. action of on 
capillanes 203 — on coronary arteries. 
205, on heart, 192, 193, on pupil 608, 
calongenic action of 380, 381, 423. 
and cloning of blood. 105. excessive 
production of. 425, liberated in heart 
723 
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NDEX 


by sympathetic, 192. at sympathetic 
endings, 567 

Adrenocorticotrophic honnone, see un 
der Hormone 
Adrenosferone, 628 
Adsorption, 19, 20 

Aerobic phase of muscular cootrsctloa, 
498, 499 

Afncan sleeping sickness, 210, 212 
Afterbirth. 676, 679, 680 
After discharge, 516 
After images, 604, 605 
Age and basal metabolic rate. 358, 359, 
and blood pressure. 143, and ciyslal 
line lens, 595, 610 611, and velocity 
of arterial pulse, 157 
Agglutination of blood cells, 78, 79, 80, 
of bacteria 215 
Agglutinins, 78, 79 215 
Agglutinogens, 78, 79 
Air, alveolar, 247, atmospheric compo- 
sition of 245, 246 — ^relative humidity 
of 56 317. of dead space 242 sub 
divisions of to lungs, 240. 242 
Air passages 22611 

Air sacs 229, 230, eschange of gases 
and, 247 

Alanine, ethylamine from, 342 
Albuinin(s), 361, egg 362. human for 
transfusion 83, serum 57 58, 361 
Alcohol, elTect of on body temperature, 
382 

Aldosterone, 427. 428 
Alfalfa, vitamin K in 396 397 
Alimentary tract 294fl sensitivity of, 
346 347, ui thiamin deficiency. 387 
Alkalemia, 114 
Alkali reserve. 111 
Alkalis, 15 
Alkalosis 113, 114 

Allergy, 224. eosinophil leucocytes ui, 90 
All or none" law, see under Law 
Alpha particle, 5 
Alvarez. Dr W C, 343 
Alveolar ducts, see mtder Duct 
Alveolnsfi), 39, of glands, 294, 295. 

pufinonary, 229 
Amboceptor, 217 

American Indian, Rh positive. 81 (foot 
note) 

Amencanum, 3. 4 

Amidopyrine, a cause of reduction of 
leuojcytes, 92 

Ammo acids 360, see also Appendix, 
chains of in muscular contraction 
500 deamination of. 363, essentia] 
364, 365. indispensable, see essential 
number In protein molecule, 362, par 
tlat list of, 360 


Anutosis, 25, 27, 28 
Amitotic division, see Amitosis 
Ammonia, in unoe, 274 
Ammon, 667, 669, 670 
Amoeba 22, of dysentery, 210, 212, 
respiration of, 225 
Amoebic dysenteiy, 210, 212 
Ampulla(ae) or semicircular canals, 
630. 631, of Vater, 322, 332, 333 
Amyl nitrite, in angina pectoris 205 
Amylasefs), 292, 293, pancreatic see 
Amylopsin, salivary, see Ptyalm 
Amylopsin, 292, 293. 323, 324 
Anabolism, 350 

Anacidity of gastric contents, 3 14 
Anacrotic limb, see Pulse, artena! 
Anaerobic phase of muscular contrac- 
tion. 498. 499 

Analysis of gastnc contents, 313 
Anaphase, 26 27 
Anaphylactic shock, see Shock 
Anaphylactogen, 223 
Anaphylactoid reactions, 224 
Anaphylaxis. 222. 223 
Androsierone. 452 
Anelectrotoous, 466 
Anemia, 73fT anoxia In, 261, 262 
aplastic, 76, cardiac output in, 153 
due to poisoning of bone marrow, 76 
dyspnea in 260, hemolytic 73, iron 
deficieocy, 73, nuiritienal, 74, per 
BKious, 74, 75 — ^jaundice in, 335, post 
hemorrhagic. 73, protein denciency, 
73, 74, Vitamin deficiencies and, 74 
Anemic anoxia, see Anoxia 
Anesthetics effect of on body tempera 
ture 382, effect of on nerve, 472, ef 
feet of on reflex centers, 515 
Aneslrus. 446, 447 
Aneurin. see Thiamin 
Angina pectoris, 205, referred pam in 
347 

Angioiomn 145 
Anhydremia, 61, 148 
“Animal starch," see Glycogen 
^nuin; ifJ 
Anisotropic bands, 44 
Ankle jerk, 519 
Anode. 12. 13. 465, 466 
Anomaloscope 602 
Anomalous tnchromatbm, 602 
Anoxia 261, and carotid body, 256 cf 
feet of on heart, 193, 205 effect of on 
reflex centers 5I5, effect on respira 
lion, 255, in heart failure, 262. of 
heart muKle, 205, types of 261, 262 
Anterior chamber of the eye 575 
Anterior poliomjelitis 210 521, aru ^ 



INDEX 725 


ficial respiration in. 239, natural Jm- 
munity to, 217 
Anthrax bacilli, 212 
Anti A (antibody, agglutinin), 78 
Aotianenuc factor, 74 
AntiB (antibody, agglutiiUn), 78 
Antibacterial agents, 22 
Antibiotics. 221, 222 
Anlibody(ies), 215, against corpuscles, 
78, 79, 80. gamma globulin and, 91, 
pr^u^ by lymphocytes. 101 
Antibody antigen reaction, 216 
Anticoagulants, 104 

Antigents), 216, 218, ol blood cor- 
puscles, 80 

Antigen antibody reaction, 216 
Antimony tartrate, as an emetic, 3l9 
Antiperutalsis, 337 

Antipcmicious anemia factor, see Vita- 
min Bn 

Antipynne, effect of on fever, 382 
Antirachitic vitamin, see Vitamin P 
Antisepsis, 211 
Antitoxin. 215 
Anus, 322 

Aorta. 118, !2I, 122. 123, 167, of cold 
blooded heart. 166 
Amx beat. 183 

APL hormone, see Hormone, antenor 
pituitaryliVe 
Apnea, 255, 258. 259 
Apoenne gland, see under Gland 
Apocnorphine, as an emetic, 319 
Apoplexy, see Cerebral hemorrhage 
Appendix, see Vermiform appendrf 
AppeUte, 347, 348 
Aqueous humor, 575, 591 
Arachnoid granulations, 556, 560, 561 
Arachnoid mater, 556, 557 
Area(8): auditory, 335, 536, acoustic, 
335, 536, motor. 431, 432, 433, 333. 
634 olfactory, 641, premotor, 533, 
541, psychoauditory, 536, psycho- 
visual, 536, “silent*' of cerebral cortex. 

535, somtsthetic, 534, 535, 546,vvsu*l, 

536. 578, 589 
Areola(ae), 46 
Aristotle’s expenment, 646 
Arrcctores pilorum, 35 

Arterial blood pressure, 136ff, action of 
adrenaline on. 420. 423, action of 
noradrenaline on 423, action of pitui- 
tnn on, 437, in anaphylaxis, 224, and 
caroud smus, 238 and coronary circu- 
lation, 205, diastolic, see phases of, 
effect of physiological conditions on 
142, effect of splanchnic stimulation 
on. 147, 195, excessive, see Arterial 
hypertension, factors maintainmg. 


145-51, fluctuations of, see phases of, 
human, I4I, 142 and labynnlh, 634, 
mean, 138, measurement of — in ani- 
mals. 137-39, in man, 141, 142, in 
muscular exercise, 504, phases of, 137, 
in pulmonary artery, 131, 206, 207, m 
secretion of urine, 277, 278, sex dif- 
ference, 142, in sleep, 143, 572, sys- 
tolic, tee phases of, m traumatic shock, 
223 

Arterial disease, 144, 145 
Artenal hypertension, 143, kidney disease 
and, 143, m nephritis, 284, m obesity, 
374 

Artenal pulse, see Pulse, artenal 
Ancnole(s) action of adrenaline on, 
421, afferent of renal glomerulus. 269, 
270, 271, 272, 277, constnction of. 

195— effect of m overcoming gravity, 
153. control of. 195ff, dilatation of. 

196— 10 inflammation 93, efferent of 
reoaf gfomerufus, 269, 270, 271, 272, 
in hypertension, 144, nerves to, 195, 
reflex changes in. 198, in shock, 223, 
structure of, 124 

Artcnoscleroas. 144, 143 
Arteriovenous anastomosis 376 
Arteryfies), 126, aorta, abdominal, 122. 
axillary, 123 brachial, 123, carotid 
118. 122, 123. 20&-aad sleep, S72 
celiac axu (branches of). 122, central 
of retina, 575, coats of, 123, common 
iliac. 121, 122. corkscrew tn endo- 
metrium 448, coronary, 204, 205— 
absence of in frog's heart, 164, action 
of adrenaline on 421, disease of, 144, 
145, and perfusion of heart, 162, elas 
licity of, 145, 148, I49, external iliac, 

121. hepatic, 122, 208, 330, hypogas- 
tric. see interna] iliac, inferior mesen- 
tenc, 122, innominate, 118, 122, in- 
ternal iliac, 121, “pipestem,” 145, 148, 
pulmonary, 108, 118. 119, 121, 122, 
206 — in fetus. 673, pressure in, 131. 

of, 149. ISO. renal, 112. 170. 
272, structure of, 123, subclavian, 118, 

122, superior mesentenc, 122, umbili- 
cal. 672 

Artiffcial respiration, 236-40 
Arytenoid cartilages, 265 
Asphyxia in anaphylactic shock, 224, in 
tetany, 415, 517, resuscitation from 
see Artificial respiration, see also 
Anoxia 

Aspinn, effect of on fever, 382 
Asterfs), 25 

Asthma 228, adrenaline in, 421, corti- 
sone in, 427, dyspnea m, 260 
AsUgmattsm, 612-14 
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Astral rays see under Rays 
Astrocytes 506 
Atasia cerebellar 555 
Atheromatosis 144 145 
Atherosclerosis 144 145 
Athletics 503 504 505. and cardiac 
disease 104 505 

Atmosphere composition of 245 246 
Afom(s) 1 carbon 4 hydrogen 7 in 
dcstructjbility of \1 iodine \ iron 
1 oxygen 1 sodium 8 stnicture of I 
Atomic numbers 2 3 
Atomic weights 3 
ATP see Adenosinetnphosphate 
Atrium(a) of heart 115 116 117 ll« 
122 of lungs 229 

Atropine action on heart 188 191 ac 
tion on pupil 508 
Audiogram 630 
Aud tory ossicles 617 618 622 
Auditory pathway 621 
Auditory strings 624 626 
Atireomyein 222 

Auncle of ear 617 of heart see Atnum 
Auricular flutter 185 
Aunculoventricular blocl. 160 186 
Auneuloventricular bundle 166 168 
169 182 189 action of digitalis on 
191 conduction in 168 183 185 187 
188 

Auneuloventricular valves I (8 
Auscultatory method of measunng blood 
pressure 141 U”* 

Auioinioxfcation 342 
Autonomic nervous system 56111 cen 
lers of 562 563 functions of 564 
565 (Table) parasympathclic dm 
Sion 56"’ 563 564 565 566 sympa 
fhetic division 563 564 565 566 
Autosomes 665 

Avidin and biotin deficiency 390 
Avitaminosis see Vitamins deficiencies 
of various vitamins 
Axis(es> of lens 591 visual 607 
Axis cylinder 460 
Axoloi}) 405 407 

Axon 508 509 hillock 508 reflex see 
under Reflex 

Babnsky reflex or sign 519 527 539 
in newborn 679 in sleep 571 
Raeilli 212 213 
Baatracin 222 (footnoiel 
Bacfena 2!0ff destroyed by leucocytes 
89 90 facion of vitamin B complex 
required by 391 of feces 34S fever 
cat sed by 3Sl pyogen c 213 syn 
thesis of vitamin B eomptex by 391 
symheiu of vitamin C by 212 391 


synthesis of viiamin K by 397 syo 
thesis of viiamms by 212 390 391 
397 

Dactenolysms 215 
Bacteriophage 210 
Baetenostatic substances 221 222 
Bad lighting 614 615 
Balance acid base see Acid base bal- 
ance of body 630ff energy 37t 
heat 375 nitrogen 363, water 55 
Barcrofc Joseph 97 
Barlows disease 392 
Barr Murray 507 

Basal metabolic rate 356-59 action of 
adrenaline on 422 calculation of 3S8 
at different ages and in two sexes 359 
effect of thyroid on 405 m hypet 
thyroidism 411 >n hypothyroidism 
410 in planning a diet 4D0 under 
various physiological and paihologcal 
conditions 359 
Rases description of 14 
Basophilfs) 87 
Bayliss S r William 325 
"Beading of ribs" in rickets 394 
Beat of bean see Heart beat 
Beaumont William 317 318 
Bed wetting 287 
Benedict Roth apparatus 357 
Benzine as hemolytic agent 85 
Berger Hans 336 
Beriberi 386 387 

Btmbard Claude 52 198 368 372 
Biceps jerk 519 

Bile 328ft Circulation of 330 334 com 
positron of 3‘’8 329 330 concen 
iration of 332 discharge from pH 
bladder 331 formation of m 
330 functions of 333 334 hydr^ 
trope action of 334 ongm of 3*9 
required for absorption of vtamin h 
107 397 secretion of 331 333. 334 
storage of 331 332 
Bile pigments 329 330 
Bile salts, 329 331 334 
Bilinibin 329 330 in jaundire 3>5 
Biliverdin 329 330 
Binary fission 2? 26 
Biotm 384 390 396 
Blackout " 155 
Bladder see Urinary bladder 
Blastocyst 667 666 669 
“Bleeder" 107 108 
Bleeding lime 106 
Blind spot 578 579 
Blinding glare 6(5 

Blindness 615 616 night see N gh' 
blindness 

Block auTikUlar vemnciilar 169 186 
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bundle branch, see intraventricular, 
intraventricular 169, 182 
Blood 52ff buffers of, 110, cells of, see 
Erythrocytes, Leucocytes, Thrombo- 
cytes, circulation of, see Circulation of 
blood, clotting of, see Coagulation of 
blood, coagulation of, see Coagula- 
tion of blood, corpuscles of, see cells 
of, defibnnated, 105, functions of, 53, 
54, glucose of, see Blood sugar, 
hemolysis of, 84, incompatibility of, 
79, taking of, see Hemolysis of, 
plasma, 57, see also Blood plasma 
oxygen absorption by, 69, pH of, see 
pH, platelets of, see Thrombocytes, 
protems of, see Plasma proteins reac- 
tion of, 108, regeneration of 71, Rh 
negative, 81, 82, Rh positive, 81, 82 
rouleaux formation in 59, specific 
gravity of, 57, transfusion of, 77 
velocity of, 133, see also Blood ve 
locity, viscosity of, 148, volume of, 
see Blood volume, water of, 55 
Blood counts 60 
Blood dust, see Hemoconia 
Blood groups, 78, 79 80 
Blood plasma antithrombm of, 104, 
bihrubm m, 335, colloids of, 18 com 
position of (Table), 58, deproteintzed, 
278 globulins of. 144, osmotic pres 
sure of, 65, pooled 82, proteins of, 
57, 58 separated, 252, transfusion of, 
77. 82, “true" 252 

Blood pressure throughout vascular sys 
tem, 130, see also Artenal, Capillary, 
and Venous blood pressures 
Blood proteins, see Plasma protems 
Blood sugar, 349, 368, 369, adrenaline 
and, 422, in diabetes 370, 371, and 
hunger, 349 
Blood velocity, 133-36 
Blood vessels control of 195 see also 
Arteries, Artenoles, Capillanes, and 
Veins 

Blood volume, 63, 64, 66, 67, m control 
of body temperature, 377, m lungs 
206 measurement of, 64, regutation 
of, 64, 66. 67 
“Blue babies " 674 
BMR, see Basal metabolic rate 
Body(ies) carotid 201, central of cell 
25 chemical composition of, 3, ciliary, 
591, defence mechanisms of 210ff — 
sympatho-ndrenal system and, 423. 
424, geniculate, 545 — lateral 587, 589, 
medial. 621. heat production by, see 
Basal metabolic rate, inclusion 24, 25, 
Nissl, 507. 508 pineal 458 543. 
pituitary, see Pituitary body, polar. 


661, 662 664 (footnote), restiform, 
see Peduncles, cerebellar; surface area 
of. 356, 358 — chart for determining, 
358, temperature of, see Body tem- 
perature, tigroid 507, vitreous, 575, 
591, yellow, see Corpus, luteum 
Body temperature, 375ff, centers con- 
trolling, 380, 381, chemical factors 
controlling. 379, 380, effect of drugs 
on, 382, physical factors controlling, 
376, 377, 378. m sleep. 571 
Body weight excessive, see Obesity, loss 
of, in diabetes 370, 371 
Bohr effect 252 
Boil ” see Furuncle 
Boiler maker's disease. 525 
Bomb calorimeter, 352, 353 
Bone(s), 48ff, and vitamm A deficiency, 
386, cancellous, 49, cells of, 49, com 
pact, 49 composition of, 48, 59 de 
mineralized, 48, 49 effect of para 
thyroids on, 417, 418, femur, 50 
in hyperparathyroidism, 417, isotopic 
phosphorus and, 6, pituitary and, 455 
red marrow of, 50, 51 — failure of as 
cause of anemia, 76, m hemopoiesis 
70. 75, increase at high altituces 62, 
to nekets, 393, softening of, 395 
spongy, see cancellous, structure of 
48, 49, trabeculae of, 50. turbinate 
226 227, yellow marrow of, 49 
BoweKs), see Intestine 
Bowman Sir William, 276 277 
Bowmans capsule, 269, 270 271, 276 
277 

Brachium(a), 545. pontis, 553, conjunc 
tivum. 553 
Bradycardia 186 

Brain 529ff buoyancy of 559, interpre 
tation of sensory impulses by, 477 
Brainstem see Midbram, Pons, Medulla 
oblongata 

Bran laxative action of, 346 
Branchial arches, 671, 672 
Branchial clefts, 671, 672 
Break shocks, 465, 466 467 
Breathing, see Respiration 
Brewer’s yeast, 396 
Bright's disease, see Nephritis 
Bronchiolefs), 226 227, 228 229, ac 
tion of adrenaline on. 421, in anaphy 
laxis, 224, m asthma 228, respiratory, 
229. terminal, 229. 230 
Bronchus(i), 226, 227, 228, 229 
Brown Robert, 19 
Brownian movements, 19 
Brush border, 270 

Bucket handle movement of ribs m 
respiration 235 236 
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Budding of yeast cells, 28 
“Builalo neck," 44i 

Buflent, of blood and body fluids, 110, 
in perfusion fluid, 165 
Bulb, olfactory, 226 
Bulbus arteriosus, 166 
Bundle branch block, see Block, intra> 
ventncular block 

Butter, caloric value per pound, 400 

Caffeine, diuretic effect of, 282 
Calciferol, 392 

Calcium in blood, 58, in bone. 48. in 
clotting of blood, 103, daily require- 
ment of, 401, equivalent v/eigh' of. 9. 
in hypoparathyroidism 416, increased 
excitation of in hyperparalhyroidism. 
417, isotopes of, 5. metabolism — effect 
of vitamin D on, 393, and parathyroid 
glands, 415, paracasein. 309, ngor, 
162, in tetany, 416, is unne, 274 
Calone(a), 351, evolved per liter of 
oxygen consumed, 354, 355, per square 
meter of body surface. 359. require- 
ment of diet, 399, values of different 
foods, 354 
Caicnmetry, 353f! 

Canal(s) anal. 321. central, of spinal 
cord. 523, Haversian, see Haversian 
canals, semicircular, see Semicircular 
canals 

CanaticulusfO biliary, 328, 330, of gas- 
tric glands, 308 
Cane sugar, see Sucrose 
Cannon, W B , 423 

Capillaryfies) actions of adrenaline and 
pituitnn on, 203, actions of chemtcab 
on. 203, blood pressure, 151, circula- 
tion, 201. 204, see oho Capillary circu- 
lation dilatation of. In inflammation. 
93, loops in skin. 203, of lung, 230. 
nerves of 200, permeability of, 66. in 
purpura. 108. of ttnal glomerulus 269, 
271, 272, 277, in shock. 223. of skin. 
203. 204, stnicturc of. 124. 125. 126. 
vitamin C and, 391 
Capillary circulation 201-04 
"Capillary lake," 135 
Capon, 445. action of testosterone, 452 
Carbohemoglobin, 252 
Carbohydraie(s), 36711, absorption of, 
343, 344, 345 combustion of in color- 
imeter. 353. cycle. 367, dietary require 
went of. 400, digestion of, 324, 327, 
368, history of Jn body, 368, 369, 
metabolism of, see Carbohydrate me 
labolom. oxidation of, 369, 37], source 
of energy in muscular contraction. 497, 
499, 503, sparing effect of. 364 


Carbohydrate metabolism, 367ff, action 
of adrenaline on, 422, adrenal cortex 
and, 426, 427, m hyperthyroidism, 411, 
hypothalamus and, 542, pituitary and, 
43^ 435. 436 

Carbomycin, 222 (footnote) 

Carbon equivalent weight of, 9, isotopes 
of, 5 

CaiWi arc light, 393 
Carbon dioxide, 11. acUon of on capil 
lanes 203, in alveolar air, 246, in arti- 
ficial respiration, 240, in atmosphere, 
245, 246, ‘blowing off" of, 260, and 
carotid body, 258, in combination 
with hemoglobin, 252, delermioalion — 
of BMR from, 356 357, of carduc 
output from, 133, diffusibility of, 248, 
effect of on heart, 193. effect of on 
respiration 254, 255, elimination of, 
248, 255 — in control of blood reaction, 
110, 112, exchange of m respiration, 
243, m expired air, 246, from oxida 
tion of carbon. 235, 351. partial pres 
sure of — in arterial blood, 248, in jr 
spired air, 246, in venous blood 348, 
production of by nerve 478, in saliva, 
298, transport in blood 252, volumes 
percent— in artenal blood. 248, in 
venous blood, 248 

Carbon monaxide. 11; poisoning 363, 
263 

Carbonic acid, sodium bicarbonate ratio, 
113 

Carbonic anhydrase, 112 
Cardiac cycle, 1 69ff 
Cardiac failure, «ee Heart failure 
Cardiac muscle, see Muscle, cardiac 
Cardiac nerves, see under Nerve 
Cardiac output. 132, 133, measurement 
of. 133. in muscular exercise, 504 un- 
der various conditions, 132, 133 
Cardwmeier, 174 
Cardiospasm, 303 
Carlson, Dr A 3,310.348 
Carnosine, 497 


Carotene. 385 

CarolfiJ body. 257. 258. 260 

Carotid sinus, 119, 256. 257. 258, in 
control of circulation, 199. m control 


of respiration. 257, 258. hypeneno 
Uvity of, 200, in muscular exercise, 504 
Carpopedal spasm in tetany, 416 417 
Cartilage, 47, 48, elastic, 47, 48, hyaline. 


47 


Caryocinesls, see MiJosu 
Caryoplasm. 23 
Caryosomes. 24 
Casein. 361. 36S 
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Caseinopen. 309 
Castle. Dr W B . 75 
Castle's intrinsic factor, 75 
Castor oil, 346 
Castration, 445 
Catabolism, 350 

Catacrotic limb, see Pulse, arterial 
Catalysts, 290. 291 
Cataract, 591, 615, 616 
Catelectrotonus, 466 
Cathartics. 346 
Cathode. 12, 13. 465, 466 
Cathode ray oscillograph, 471 
Cations, 12, 13 

Cattle, hemorrhages in, 104, 107 
Cavity(ie$): amnionic, 669, nasal, 226, 
227, pleural. 231, tympanic, see Tym* 
panum 

Cecum. 289, 320, 321, 339 
Cell(s), 23fr, aodophil, 431, 432, of an- 
tenor boms of cord, 507, basophtl of 
pituitary, 431, 431, border, of gastnc 
glands, see panetal, cartilage. 47. of 
cerebral conea, 532, chief of gastnc 
glands. 307, 308. chromaffin, 418. 
419, chromophobe, 431, 432. connec- 
tive tissue, 45, daughter. 25, 26, 27, 
662, differentiation of, 29. egg see 
Ovum. Oocyte, endothelial, 38— form 
mg capillary wall, 124, 125, 201. fat, 
45, 46, ganglion— in heart. 187, of 
parasympathetic, 562. of retina. 576. 
577, 589. of sympathetic. 563. germ. 
see se%, giant pyramidal of cerebral 
cortex, 507, goblet, 28, 326, 327, hair 
—of organ of Corti, 620 of semi 
circular canals, 631, 634, interstitial of 
testis, see of Leydig, Kupffer, 95, 329, 
of Leydig. 452, 454, 656, 657, of liver, 
208, mitral, 643, mucus secreting. 295, 
multiplication of, 25, see elto Mitosis 
and Meiosis, muscle, 41, nerve. 506. 
507, 508, neuroglia, 506, 507, oltgo- 
dendrogha. 506, 507, oxynlic of gas- 
tric glands, see panetal, of Paneth 
326, 327, panetal, of gastnc glands 
306. 307, 308, pigment, of retina. 
577, 578-^f frogs skin, 438, of pitui 
tary body, 431, 432 Purkinje, of cere 
helium 507, 552, 553, red, see Ery 
throcytes, reticulo-endothehal, 86 88. 
94. 95, 97, 329— in spleen 97, of 
retina 576, 577, 578, Rouget, 125, 
202, Sertoli, 657, sex, 648, W9— con 
jugation of. 662, 663, maturation of, 
660, 661, meiosis of, 660, 661, see 
also Ovum oocyte Spermatogonia, 
Spermatozoa of skin 33, spermato- 
genic, 656, 657, of spmal cord, white. 


see Leucocytes, yeast, 27, 28, zymo- 
genic, of gastric glands, see chief 
Cellulose, 368, as roughage, 345. 346 
Center(s) auditory. 627, cardiomhibi- 
lory, 187, 189, expiratory, 253, 254, 
“feeding” 349, hearing, 535, 621, 627, 
heat controlling 380, inspiratory, 253, 
254, micturition. 287, olfactory, 642, 
pneumotaxic, 253, 254, pnmary visual, 
587, reflex, 511, respiratory, 252, 253, 

254, 257, 260 — effect of anoxia on, 

255, salivary, see salivalory, sahvatory, 
296, 297, 567, sweating, 378, taste, 
640, vasoconstnetor, 196, 197, vaso- 
dilator, 196, 197, vasomotor, 196, 197, 
visual. 536, vomiting, 319 

Central body, 25 

Antral canal, of spinal cord, 523, 524 
Antral excitatory state, 516 
Central Inhibitory state, 517 
Central nervous system. 5061! 

Central sulcus, 531, 534, S3S 
Ccntriolefs), 25 

Ceninpetal acceleration, effect of on 
ctmlation. 155 
^ntrosome, see Ccnirospherc 
Cenirosphere, 25 

Cephalic phase of gastnc secretion, see 
Psychic phase 
Cephalm. 373 
Cerebellar ataxia, 555 
Cerebellar cortex, 552, 553 
Cerebellum. 529, 531, 544, 551-55, 558, 
functions of. 555 
Cerebral apoplexy, 539 
Cerebral aqueduct, 542, 543, blockage 
of. 561 

Cerebral circulation, 208, 209 
Cerebral cortex 530ff. areas of, 531-36, 
cell layers of, 531, 532. inhibition of. 
and sleep, 573, removal of, 542 
Cerebral hemorrhage, 539, caused by 
flying maneuvers, 155 
Cerebrospinal fluid 209, 557, 558, circu- 
lation of, 560 
Cerebrum 3290 
Cervix, of uterus, 651 
cH. no 

Chalone, 314, 403 

Cheese caloric value of per pound, 400, 
proteins of, 365 

Chemical elements 1, of body, 3, table 
of, 2, “trace," 402 
Chemical formulas, 6 
Chemical reactions, 7 
Chemical symbols 6 
Chemical transmission of nervous effects 
191, 192 

Chemorecepton, 258 
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Chemotherapy, 220. 221, 222 
Cheyrte Slopes respiration 259, 260 
Chickenpox, 210 

Childbirth, see Labor, transfusion of 
Rh positive blood after. 82 
' Chill ’ at commencement of a fever, 
382 

Chinese, Rh positive blood, 81 (foot 
note) 

Chloride shift. 112 

Chlorine, 1, equivalent wei^t of, 9, 
isotopes of, 5 

Chloroform, and hemolysis, 85 
Chloromycetin, 222 (footnote) 
Chlorophyll, 69, 71, in photosynthesis, 
350 

Chlortetracyclme, 322 (footnote) 
Cholecystokinin 333 
Cholesterol 373, In adrenal cortex. 428. 
m atherosclerosis 145, in bile 319, m 
blood 57. in erythrocytes 59, of sim. 
irradiated 392. and testosterone. 452 
Cholesterol esters 373 
Choline, l9l, 373, 384 
Cholmester, see Acetylcholine 
Cholinesterase, 192 
Chordae tendineae. 117, 175 
Chorion, 667 

Choroid of eye. 575 592, 593. 596 
Choroid plexuses, 560 561 
Chromatic aberration 610 611 
Chromatin 23, 24, 666, sex, see Sex 
chromatin 
Chromoprotein, 361 

Chromo$ome($}, 26 27, 660, 661, 662, 
663. number m vanous species. 663 
(footnote), sex, 660 665, X and Y, 
see sex 

Chronaxi 467-69 
Chvostek's sign, in tetany, 417 
Chyme. 317 

Cilia, 30. 37, 320 of nasal mucous mem- 
brane, 226 
Ciliary muscle 614 

Ctrculatvon of blood 115(1, discovery 
o! }20, greater, 7J5», Jester, 119 206 
models of. 126. in muscular exercise. 
503 504, pulmonary, see lesser, sys 
temic, see greater, see also Capillary. 
Coronary. Cerebral, Pulmonary circu- 
lation. etc 

Circulation rate, see Cardiac output 
Cislemafae) of subarachnoid space, 
359, 560 

Cisternal puncture 561 (footnote) 
Citrates as anticoagulants, 104 
Citrus fruits, vitamm C in 391 
Clearance, see Plasma clearance 
Cleft of pituitary, 430 


Ccagulation of blood, I02If, action of 
adrenaline on, 422, failure of, 107, m 
hemorrhage, 76, means used to hasten 
105. vitamin K and, 104, 105, 397. see 
also Thrombosis 
Coagulation time, 106 
Cobalt, necessary for blood reecneration, 
72. 401 

Cocci 212, 213 

Cochlea 617, 618 619, 621, 622. 623. 

piezoelectric effect m, 627 
CMfcerel, castration of, 445 
Cod liver oil source of vitamins A and 
D. 396 

Coffee, diuretic effect of, 282 
Coitus 657 
Collagen, 46 
Colliculus(i), 545, 621 
Collip. Prof J B. 415 
Callotd(s), 17, 18. hydrophilic and hy 
tirophobic, 17 (footnote), internal and 
external phases of. 18, of thyroid 
gland, 404. 405, 408 
Colon. 320, 321, ascending, 289, de 
scending. 289, 320, 321, pelvic, 289 
320, 321. spastic, 340, transverse, 289 
320. 321 

Color(^) blindness, see Color blind 
ness, complementary, 603, confusion 
602, pnmary, 600, qualities of 600 
retinal areas sensitive to, 600, vision 
see Color vision 

Color blindness, 601. partial, 602 
Color vision. 599, 60! 

Colostrum, 455 (footnote) 

Columns of spinal cord, 524 
Coma, in diabetics, 370 
Comfort zone, 380 
Common cold. 210 
Complement, 217 
Compounds, ^8 
Conception, 675 
Coacha(Be). 226, 237 
Couditioned reflexes 567-71. inhibition 
of 569. 570, and salivary secretion. 
2SI#, sleep! 373 

Conduction in heart 161. 187, m nerve 
464, propeny of protoplasm. 23, over 
reflex arc, 515 

Conductivity ofheart 161, 187, of nerve 
464, of protoplasm. 23 
Cones of retina, see Rods and Cones 
Conjugated proteins, see under Protein 
Conjugation, of sex cells, 662. 663 
Conjunctiva, 574, 375, oxon reflexes in 
521 

Consciousness, thalamus and 539 
Comiipaiion 340 341. and thiamin de 
ficiency, 387 
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Constrictor pupiUae, ste Iris 
Contractility, of cardiac muscle. 159, of 
striated muscle, see \fuscular conlrac- 
traction 

Contraction heat, 501, 502 
Convolutions of cerebral cortex, 53 
Convulsions insulin, 371, in tetany. 417 
Copepods, and vitamin D, 392 
Copper in blood regeneration 72, es* 
sential m diet, 402, sulfate, 12, 13 
Conum, see Dermis 
Corn, proteins of, 365 
Cornea, 574, 575, dryness of, m vitamin 
A deficiency, 385, opacities of, 614 — 
in riboflavin deficiency, 389 
Corona radiata, 649, 650 
Coronary circulation, 204, 20S 
Coronary occlusion, 205, atherosclerosis 
and, 145, dicoumann in, 104 
Coronary thrombosis, see Coronary oc> 
elusion 

Corpus(ora) callosum. 531, 543, 558, 
cavernosum penis, 658, 659, caver 
nosum urethrae, 658, 659, luteum 
(corpora lutea). 448, 449, 451, 456 
650, quadngemmum 543, 544 545, 
554, striatum. 533, 537. 539. 540, 541 
Corpuscle(s) of blood, see Erythrocytes, 
Leucocytes, Hassall's 457, 458, MaN 
pighian, of kidney, 268 — of spleen, 95, 
Meissmer’s, 645, pacmiaa, 34, 644, 645 
Corresponding retinal points, 588, 589 
Cortex of adrenal, see Adrenal cortex, 
of cerebellum, see Cerebellar cortex, 
of cerebrum, see Cerebral cortex, of 
kidney, 273 of thymus, 457, 458 
Corn's organ. 619, 620, 621 
Corticoids, 426 
Corticospinal tracts, 526, 627 
Corticosterone, 427 
Cortisone, 426, 427 
Cough. 220 252, 258 
Cowpox, 218 

Cranial outflow, of parasympathetic 562 
Craniotabes 394 

Creatinine, 363. 497, m unne, 274 
Crenation, 62, 63, 68 
Cretin. 408. 409. 410 
Cretinism. 408, 409, 410 
Cncoid cartilage, 265 
Cnsta(ae), of semicircular canals, 630. 
631 

Crop gland. 456 (footnote) 

"Crosseyes,” see Strabismus 
Croton oil. 346 
Crying, 258 

Crypts of LieberkQhn. 326 327. 344 
Crystalline lens, 575. 591. 592 593 595. 
changes in shape of with age, 410, de- 


fects of, 609. 610 discission of. 599, 
extraction of. 615, * needling" of, 599, 
opacity of, see Cataract 
Cumulus oophorus, 649 
Cupula. 619, 630 

Currentls) action, 469, 470 electrical, 
see action 

Curve(s) of gastric acidity, 315, intra- 
aortic pressure, 171, mtra auncular 
pressure, 173, 174, intraventricular 
pressure 171. monophasic, 471, oxygen 
dissociation curve of hemoglobin, 249, 
250, 251, strength-duration of nerve, 
468 

Cushing, Dr Harvey, 444 
Cushings disease, 444 
Cuticle, see Epidermis 
Cutis vera, see Dermis 
Cyanide poisoning, 261, 263 
Cyanosis 36, 204. 263, 264, m circula- 
tory defects. 674, in heart disease 194 
Cycle, carbohydrate. 369. cardiac 169IT, 
estrous. 446, menstrual, 447, 449, 453 
Cyclotron. 5 
<^Itae. 360 
Cytolysins, 215 
^toplasm. 24 

Dale, Sir Henry, 567 
Dalton, John and atomic theory, 1, 
color blindness of, 601, 602 
Dead space 242 
Deafness, 629 
Oeaminasefes), 292 
Deamination, 363 
Decerebrate rigidity, 522 
Decidua 669 

Decomposition bacterial, of protein, 
242. 243, chemical, 8 
Decussation of corticospinal tracts see 
of motor tracts, of Ford, 542, 545, of 
motor tracts 526, 546, of optic nerve 
fibers, 586, 587, of pyramidal tracts, 
see of motor tracts, sensory, 546 
Defecation, 340, 341 
Deflections, of electrocardiogram, see 
under Waves 

Degeneration of nerve* reaction of, 463, 
retrograde, 462 
Deglutition, see Swallowing 
Dehydration, 56, fever caused by. 56 
382 

7 Dehydrocholesterol, irradiated in skin 
392 

Dehydrocorticosterone. 427 
Dchydrogenase(s), 10 
Demilunes of Gianuzri, 295 
Democritus. I 
Dendrites, 508, 509 
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Dental canes. 393 396 
Dental enamel from ectodenn, 668 
Dermis 33, 34 
Desivac process, 82 
Desoxycorlicosterone, 427 
Deuteranomaly, 602 
Deuteranopia, 60! 

Dextran, as a transfusion materia!, 84 
Dextnns 368 
Dextrose, see Glucose 
Diabetes. 370, 371. cataract In. 616, 
caused by nervous lesiona. 372. hunger 
in. 349, ketosis in, 370, 371, and 
obesity, 374. and pituitary. 432. 436, 
susceptibility to infection in, 220 
Diabetes insipidus, 281,444 
Diabetogenic effect of pituitary, 432, 436, 
441 

Dialysis. 18 
Diapedesis, 88 

Diaphragm, 122, 234 235. 256 
Dicoumarin 104, in coronary throm- 
bosis, 104 

Dicrotic notch of pulse tracing, 158 
Diestrus, 447 

Diet and atherosclerosis 145, and con 
stipation 342. following hemorrhage. 
77, planning of. 397fl, and regenera 
tion of blood, 72, and regulation of 
intestinal movements, 337 
Dietetics 3979 

Differentiation of cells, 29, In condi- 
tioned reflexes, 570 
Diffusion of gases, 244 
Digestion 2889, bacterial 242, 243, of 
carbohydrate 324, 327, 368, of fat. 
324. 334, 372, in intestine, 320ff in 
mouth 294 of protein 323, 324 327. 
by saliva, 298, 300 in stomach 304ff 
Digitalis, action of on heart, 191 
Dilatation, of heart, 177 
Dilator pupilae, see Ins 
Dlnitrophenol effect of on body tem 
perature, 383 
Dioses, 367 
Dipeptids, 324 
Diphtheria antitoxin 217 
Diphthena bacilli. 213 
Dipiococd 212. 213 
Diploid number of chromosomes. 661 
Diplopia. 589 
Disaccharides 367. 368 
Discission of lens 615 
Discus proligenis 649, 650, hyaluroni 
dase and 657 

Dissociation see Ionization. 12, 13 
Diuresis 282, caused by water dnnking. 

282 283 
Diuretics 282 


Doinagk. Dr G , 221 
Donor, Tl, 78, universal, 79 
Donifiexion, 483 

Dnoker's method of arfiricla! respira- 
tion. 239 

Drugs, action of on heart, 191 
Drum of car, see Tympanum 
Duct(s), 39, alveolar of lungs. 229, 230, 
bile, 330, cochlear. 619 620, 622. 631. 
common bile, 331, 333, cystic, 331, 
333, ejaculatory, 655, 656. 659 endo- 
lymphatic, 631, hepatic, 331, 333. 
lacrimal. 574, 576, lactiferous 652, 
653, pancreatic, 333, of Rivinus 294, 
StCDSons. 294, Wharton*! 294 
Ductus arteriosus, 673 
Duodenal ulcer, 30S, 309, 315, mucin In, 
309 

Duplicity theory of vision, see under 
Theory 

Dwarfism 441, 442 
Dwarfs, 441, 442 

Dyspnea. 260 261. In angina pectoris. 
205, in heart disease, 194, 260, m 
hyperthyroidism, 260, In muscular ex 
ercise 260 

Dystrophia adiposoienitahs, 441, 442 

Ear(*), 6I7-'638, in embryo, 671, in 
ner — nervous connections of 554, see 
«iso Labytmth middle 617— ^odel 
of, 623, outer, 617, “pricLing of," 545, 
structure of. 617-21 
Ectoderm, 668 669 
Ectopic gestation 658 
Edema, lOI, 102, in heart disease, 194. 

in nephritis, 284 
Efficiency, formula of, 496 
Egg(») proteins of 365, white. 17 — 
raw. avidin in, 390 excretion of in 
urine 343 (footnote) 

Ehrlich. Paul 216, 220. slde<h3in the 
ory. 216, 219 
Einthoven, Wilhelm, 178 
Ejaculation 656 

Elasmobranch fish, adrenal glands In, 
418. 419 
Dastin 361 

Electncal changes m nerve, 469-71 
Electroeardragram. 178ff normal record, 
180. 181 

Electrocardiograph. 178 leads of 179 
Electrodes, stimulating 484 485 
Electroencephalogram, 536 537, 538 
Electrograms. 178 
Electrolysis, 12 

Electrolytcfs) 14 amphoteric 361 
Electromagnet of electrocardiograph 179 
Electrons 3. 4 
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Electroretinegram, 585 
Electrotonus, 465-67 
Elements, see Chemical elements 
Embryo death of in vitamin E defi 
ciency, 395. definition of, 675, devel 
opmenl of, 666ff 

Embryonic disc, see Embryonic shield 
Embryonic shield, 667 
Emergency theory, of function of adrenal 
medulla, 423 
Emet)C(s), 319 
Emmetropia, 611 

Emotion and adrenal medulla, 424. 
after excision of cerebral cortex 
(“sham rage"), 542. cardiac output in. 
132, effect of on blood pressure. 142. 
effect of on respiration. 257, 259, 
hypothalamus and, 542, sympathetic 
and. 424, 566 
Empirical formulas, 6 
Empyema, 231 
Emulsions, 16, 17 
Encephalon see Brain 
End feet, 509, 510 
Endocardium. 117 
Endocrine glands, 403-456 
Endotymph, 620. 630. 633, 634 
Endometnum, 651, implantation of ovum 
tn 669, in menstnial cycle, 447, 448 
Endomysiuffl. 43 
Endoneurtum, 459, 460 
Endothelium, 38 
Endothermic reaction, 350 
EnterogasTrone, 314, 327 
Entoderm, 668, 669 

Energy* balance, 399, 400, calculation 
of. 497, of food, 350. 351. forms of. 
22, 351, of heart, 134, tight, 583, tohr, 
350, of sound, 622, source of in 
muscular contraction. 497-501, 503, 
storage of In body, 352, stored in 
artena] walls during systole, 150, 
transformation of chemical to me 
chanical by muscle, 499, 500 
Enzyine(s), 288-293, digestive, 290, ef» 
feet of inorganic salts on, 292, (actors 
influencing action of, 291; of intestinal 
juice. 327, nomenclature, 292, 293. 
opumum temperature. 291, poisonmg 
of, 292, revenible action of, 290 
Eosinophil leucocytes, see Leuco^e. 
granular 

Eosinophilia. 87, 91 
Epicardium. liS 
Epidermis, 33, 34 
Epididymus, 655 
Epiglottis, 266 
Epimysiura, 43 

Epinephnne, 420, see also Adrenaline 


^ineunum, 459, 460 
^ithelium, 29S. germinal, 449, 648, 
glandular. 38. 39, olfactory, 226. 227. 
642, ongin of from ectoderm, 668, see 
also Tissues, epithelial 
Epsom salts, 346 

^uilibnum nitrogen, 363, organs of, 
63011: 

Equivalent weights, 9 
Erb’s sign, in tetany, 417 
Erection, 659, nerves controUihg, 196 
^psin. 324, 327 (footnote) 

Ergosterol. 373, irradiated, 392, 393 
Erythroblastosis foetalts, 82 
Erythroblasls, 70 

Erylhrocyle(s) 56. 57, 59ff, abnormal 
forms of 62, counting of, 60, crena 
iion of, 62. 63, 68. diameters of. 59, 
cITect of spleen on action. 97, m fetus 
679, formation of, 70, increase at high 
altitudes, 61, life of, 71, nucleated, 62. 
sickle shaped, 62, stroma of, 71 
Erythrodextnn. 300 
Erythromycin, 222 (footnote) 
Erythrophores, 439 
Erylhropoiests, 70 
"Escape of heart," 188 
Eserine action of on heart, 191, 192, 
action of on pupil, 608 
Esophagus, 301, 304, in act of swallow* 
mg. 302 

Essential hypertension, 143 
Esthesiomeier, 644 

Estradiol, 448, 449, 450, 653, and milk 
secretion, 455, and onset of labor, 678 
Estrin, 446 

Estrogen, 450 (footnote) 

&lrone, 449 (footnote) 

Estrous cycle, see under Cycle 
Estrus. 445, 446, 447, 457 
Ethylamine, formed in large mtestine, 
342 

Eve’s method of artificial respiration. 
239 

Excitability: of cardiac muscle, 159, of 
nerve, 467fr, of prolopJasro, 22 
Exophthalmic goiter, 411, 412 
Exopblbalmos, 411, 412 
Exothermic reaction, 350 
Expiration, 236 

Expiratory reserve volume, 240. 241 
242 

Extension, 483 
Exlcroceptors, 512 

Extractives, gastnc secretion and, 313 
Extrasystoles, 161, 184, in paroxysmal 
tachycardia, 185 
Extrinsic factor, 75 
Ey«(8), 374ff, accommodation of,. ' 



734 tNDEX 


97 — in new born, 679, compared to 
camera, 392, conjugate deviation of, 
606. convergence of, 597, dark adapta 
lion of, see under Adaptation, defecu 
of. 60S-15, development of. 668 671, 
effects of bad lighting on. 614, 615, 
far and near points of, 394-95. fixa- 
tion point of. 607, tight adaptation of. 
see under Adaptation movements of, 
605. 606, 607 — and labyrinth see obo 
Nystagmus muscles of, 605, 606, 607. 
pressure within, see Intraocular pres- 
sure 

Eye strain bad lighting and. 615 cause 
of headache 614, cause of nausea, 
319 

Eyelid(s), movements of, 567 
Fainting, 154 200 

Falx cerebelli 556. 557, cerebri 536. 
537 

Faseiculus(i) cuneatus S28, gracilis, 
328 see also Tracts 

FatH) 372-75 absorption of, 334 of 
hio^ 57^m diabetes. 370, combus 
lion of in calorimeter 353 and con- 
traction of gall bladder, 333. dietary 
re(|tiirefflent of, 800 digestion of, 334. 
effect of OR gastric secretion and 
motility, 314 emulsiheation of m in 
tesltne, 334 heat equivalent of 354 
metabolism of, 372fl in milk. 652 
oxidation of 374. 375. storage of in 
body, 352. 374 

Fatigue of muscle, 491, of reflex center. 
513 

Fatigue losin," 572 
Fatly acids see under Acid 
Fear on adrenal glands, 423, effect of 
on respiration, 237 

Feces formation of, 345, loss of heat in 
378 379 pigment of, see Stcrcobilm 
Femur. 48. 49 

Fenestra ovalis, see Window, oval, ro- 
tunda see Window, round 
FcTOWRlt, see EnryTOOS 
Fertilization of ovum 663 
Fetal circulation, 672, 673 
Fetus, 675, 679 

Fever, 36 basal metabolic rale m 339 
effect of drugs on, 382, heart rate in, 
186. loss of water in 36 
Fiberfs) adrenergic. 366 367, associa- 
tion 330, cholinergic, 366, 367. col- 
lagenous 45. 46— constone and, 426, 
427 commissural, 330, 338, elastic, 
45— in vascular walls, 123. mantle 
26 muscle 41. 480— single, 489. 
nerve, 439ff — functional classificatioo. 


439. 460. single. 473. optic. 464 575, 
576, 577, 578 586— absence of neu 
rilemma from 464 decussation of 
386. single 584. pre- and post gan 
glionic. 362, 363, 367— of cardiac 
nerves, 189. projection 530, vasocon 
stnclor, 193, vasodilator, 196 — to 
penis. 363, vasomotor. 195 196 
Fibnls in cells 25 
Fibrin 102, 103 

Fibrinogen, 18. 57, 103. 361, lack of, 
107 

Fibroblasts 45, 46 
Fibrocarulage 47. 48 
Fiek principle, 133 
Fillet see Lemniscus 
Filirable viruses. 211 
FiUmton, through renal glomerulus 276 
Pinal common path 513 
Fish respiration in 672 
Fish liver oil 393 
Fission, binary. 27 28 
Fissurcfs) lateral cerebral jrr of Syl 
vjus of lungs. 229. of Rolando ^er 
Centra! sulcus, of Sylvfus 53] 553, 
535 superior longitudinal 529 su 
penor sagittal, see superior longitudi- 
nal 

Fistula esephasea], 310 gastric, 310 
311 

Flavors see Sensation latte 
Fleming Sir Alexander, 221 
Rexion 483 

Rexures of large intestine, 322 
Rorey Sir H . 221 

Ruid(s) of body, 52ff-^reaclion of 
lOSff. >n Dowman's capsule, 278, cere- 
brospinal see Cerebrospinal fluid ex 
change of between capillanes and lu 
sue spaces. 53, 65-67. intraocular 
616 for perfusion of heart. 162, 163. 
164, 165, for transfusion 77n 
Ruondes as anticoagulants 104 
Ftbonne, essential in diet, 402 
Rying (military) effects of on circula 
ttow. ISS, effects q( on eax 629, at 
high altitude. 262 
Folic acid, 76 384 

Follicie(s) of glands, 39, Graafian see 
Graafian follicle, hair 35 
Food(s) absorption of. 343-45. calone 
values of various^ 400, center con 
(rolling intake. 349. energy from 351 
heat equivalents of 354. oxidation of 
in bod), 351. 352, requirements of In 
diet, see Diet, planning of, specific 
dyiumic action oi, see Specific dynamic 
action see also Carbohydrate Fat 
Protein 
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Foot-candlc. 615 

Foramen of Munro, 558, 560. ovale. 673 
Forced respiration, see Respiration, 
forced 

Fovea centralis, 575, 579 
Foveolafae), of gasme glands, 305, 306 
Freemartm. 665 
von Frey's hairs, 644. 645 
Frohhek’s type of dwarf, 441, 442 
Frontal lobe. 531. 532. 533. 534 535 
Fructose, 328, 367, 368, diphosphate, 497 
Fruit(s), as laxatives 346 
FSH see Hormone, follicle siimutaimg 
Fundus of eyeball, see Fundus oculi. 
of stomach, 304, 305. 307 
Fundus oculi. 578 579 
Fungi, 210, 211. 212 
Furred longue 342 
Furuncle, 89 

G's, 155 

Galdctogogue action of piiuiirin 437 
Galactose, formula of 367 368 
Galen Claudius t2I 
Gall bladder. 331, 332, 333 
Galvanometer. 178, 470 
Gametes, 648 

Gamma globulin, 57. 58. 91. 219 and 
antibodies, 91 formed in lymph nodes, 
100, in passive immunization, 219, 
produced by lymphocytes, 91 
Csmma rays 5 

Gangitaied cord of sympathetic, 419 563 
Canghon(a) celiac, 565. cervical, 565. 
facial 549, geniculate, see facial, 
hypogastnc, 565, impar. 563, mesen- 
teric, 565, otic, 296, of parasympa- 
thetic. 562, of postenor spinal roots. 
525, prevertebral. 563, 564, 565, spiral 
of Com, see vestibular, stellate, 189, 
423 (footnote), submaxillary. 296, 
sympathetic. 563, 564, 565, thoracic. 
565, of vagus, 550, vertebral 563 565, 
vestibular, 631, 632 

Gas(es) of atmosphere 245. diffusion 
of 244, 247, Jcioenc theory of, 24411, 
laws of, 244, 245, properties of. 244, 
respiratory, 245, 246, 247 — exchanges 
of. 247, 249, transport of in blood, 
249, 250, 252, see also Oxygen. Car 
bon dioxide. Nitrogen 
Gastric analysts, 313 
Gastnc fistula, see under Fistula 
Gastric juice, see under Juice 
Gastnc phase of secretion by stomach. 

309. 312, 313 
Gastrin. 313 

Gas'rointestinal tract (diagram), 289 
Geiger counter 5 


Gel, see Hydrogel 

GeUtm, 17, an incomplete protein^ 365, 
as a transfusion material, 84 
Genn layen, 668, 669 
Gestation, see Pregnancy, ectopic, see 
Pregnancy, extrautenne 
Giantism, 439, 440 
Gianuzzi, demilunes of. 295 
Gills. 672 

Cfandfs). 38, 39, 40. adrenal, see 
Adrenal glands, apocrine, 654. crop of 
pigeon,. 456 (footnote), ductless, see 
Endocrine glands, endocrine, see En 
doenne glands, intestinal, 326, 327, 
lacrimal, 574, 576, lymph, see Lymph 
nodes mammary, see Mammary gland, 
parathyroid, see Parathyroid glands, 
parotid, see Salivary, pineal, see Pineal 
body, pituitary, see Pituitary body, 
prostate, see Prostate, racemose, 40. 
41, 295. salivary fsalivatory), 39. 294, 
295. 296— excretion by, 300, sex 444- 
57, see also Ovanes, Testes, of skm 
34, of stomach, 305, 306. 307. sub- 
lingual. see Salivary, submaxOlaiy. see 
Salivary, submandibular, see Salivary, 
sweat, 378 — cholinergic nerves to, 567, 
thyroid, see Thyroid gland, tubular, 
38, 39, types of. 38, 39 
Glaas penis, 658, 659 
Glare. 614, 615 
Glaucoma. 616 
Cliadin. 361, 365 

Clisson, Francis, 481, Glisson’s expen 
ment, 480, 4SI 

Globin, 361 m blood regeneration 72 
73, a constituent of hemoglobin 68 
Globu]in(s), 361, serum, 57, see also 
Gamma globulin 
Globus pallidus, 540 
Gloroenilar tuft. 268 269, 270. 271. 272 
Glomerulus of kidney, 268 269. 270 
271, filtration by. 276, 277 
Gluconeogenesis, 369 
Glucoreceptors, 349 

Clocose, 328, 367, 368, absorption of. 
343, 344, 345, blood, see Blood sugar, 
combustion of, 353, excretion of m 
diabetes, 370, 371, formulas of, 367 
as fuel for muscular work, 503, of 
liver, 368, 369, of muscle, 368. 369, 
oxidation of, see combustion of, from 
protein. 363, 369 

Glucose phosphate m muscle 497, 498 
Clucostaiic theory of hunger, 349 
Glucosuna 370, 371, pituitnn and, 438 
Clue. 17 

Glutamine, in unne, 274 
Glutelinfs), 361 
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Glutenin. 36(, 365 
Glyccrm, see Glycerol 
Glycerol (glycerin), 372, from fat, 324, 
372 

Glycine, 331, 360. 364 
Glycocoll, see Glycine 
Glycogen, 368, 369, In hyperthyroidism, 
4U, of liver. 368, 369—aciion of 
adrenaline on, 423, in muscular con- 
traction, 497, 498, 499, of mtuclc, 
368, 369 — action of adrenaline on, 
422, stores of m body. 352, synthesis 
from lactic acid, 498, 499, used dur- 
ing fast, 332 
Glycogenesis, 368 
Glycogenolytis. 369 
Glycoproteins, 37, 38. 309, 361 
Glycosuria, see Glucosuna 
Glycotropic action of pituitary, 432, 435. 
436 

Glycuronates, 343 
Goiter, 406, 408, 412 
Goldblatt, Dr H . 143 
Golgi apparatus. 24. 25 
Gooad(s), see Ovary, Testis 
“Goose flesh,” 25 
Gout, 366 

Graaflan follieIe(i}, 446. 449, 450. 452. 
648. 649, hemorrhages into. 456, ma- 
tunitg, 649, primary, see primordial, 
primordial. 648, 649, rupture of, 449, 
450 

Granules in leucocytes, 86 Nissl, 507, 
508, secreting, see zymogen, zymogen, 
25, 40, 4! — of pancreatic cells. 323. 
325 

Granulocytes, life of. 92 
Graphic formulas, 6 
Gravity effect of on circulalion, 152-54. 
force of increased by maneuvers m 
flying. 155 

Gray matter, of nervous system. 506, of 
cerebellum, 532, 533, of cerebrum, 
531. 337, 539, 541, of spinal cord. 523, 
524 

CrowiYi* amino acids and. 363, ol bone, 
vitamin D and. excessive, see Giant- 
ism. Dtirogen balance in, 364, and ribo- 
flavin deficiency, 389, retarded, see 
Cretin, Dwarf, thiamin and. 387 
Guanine, 366. 367 

Guinea pig, in anaphylactic shock, 224 
Gum acaaa, 83 
Gumma 215 

Gunpowder fuse, and nerve fibers, 472 

Habit, and constipation 34] 

Habitual abortion, vilamin E and. 397 
Hairfs), 33, von Frey’s, see von Frey’s 


hairs, proteins of, 500, touch senuUon 
and, MS 

Haldane. J S . 254 
Hales, Stephen, 136 
Halibut oil, source of vitamin A, 396 
Haplotd number of chromosomes. 661 
Hapiins, 216 
Haptophore group, 2\6 
Hartline. H K . 384 
Harvey, William. 119, 120 
Hassall s corpuscles, see under Corpuscles 
Hay fever, 224 
HCO,/NaHCO, ratio, 113 
Headache, in constipation. 341 
Heanng, 622, thresholds of, 627, 626, see 
also 

Heart. Il5lf. acceleration of, 188, 189, 
action ofv I69ff, anatomy of, 115-19, 
apex beat of. 183, beat of. see Heart 
beat, blood supply of, 204, 205, see 
also Coronary circulation, calcium 
ngor of, 162, cold blooded, 166. de- 
nervaied, 421, diastole of. 171, 172, 
173. dilatation and hypertrophy of, 
177, 194— in athletic training. 505, 
disease of-<ardiae output in. 133 
compensation in, 177, dilation in, 177, 
and muscular exenise. 505. effect of 
catiODs Ca-t-t and Na* on 1, effect 
of drugs on, 191. effect of oxygen 
lack, 237, electncai changes m. I77ff. 
see oiso Electrocardiogram, of em- 
bryo. 672. escape of, from vagal in- 
hibition, 188, excised. 162, excitation 
wave of, 167, extrasysioles of, 161« 
hypertrophy of, 177, 194, 505, Inhi- 
bition of — by potassium, 163, by 
vagus. 188, 189, minute volume of, 
132, see also Cardiac output, nerves 
of. see Nerves, cardiac, output of. 
132. see also Cardiac output, pace- 
maker of. 167, perfusion of, 162S, 
position of, in chest. 232. premature 
beats of, 161, pressure curves of, I7I, 
172. PurUnie’s system of, 167, 168, 
rate of, see Heart rate, regulation of, 
]86if. relation of length of muscle 
flben to contractile force, 193. re- 
serve power of. 194, sensory nerves 
to, 190, sounds of, see Heart sounds 
stroke volume of, 132, systole of. 171, 
171, 173, valves of. see under Valve, 
valvular disease of. 176, 177— mur- 
murs in, l77. work of, 130 — m mnscu- 
to exercise. 505 

Heart beat, 132, 165ff. conduction of. 

!W. disorders of I83ff, ongin of. 165 
Heart block, 169. 183. 184, 186. caused 
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by digitalis. 191, in auncular flutter, 
18S 

“Heart bum," 315 

Heart failure. 194, anoxia m, 262, oxy- 
gen administration, 264 
Heart rate. 186, action of adrenabne on, 
421, effect of vagus on. 187, 188, m 
fetus, 679, in hyperthyroidism, 411, 
in muscular exercise, 503, 504, m 
sleep, 572, m tetany, 415 
Heart sounds, 176, 177 
“Heat." 445 

Heat balance, 375, daily loss of, 378, 
dissipation of, from body, 376, 377, 
378, evolved in combustion of differ 
eat foods, see Heat equivalent, equiva- 
lents, 354, latent, of evaporation, 377 
(footnote), produced by body, see 
Metabobsm, radiation, and convection 
from body, 377, 378, sensation of. 644 
Heat centers, see under Center 
Heat cramps. 383 
Heat exhaustion, 383 
Heat producion by muscfe, 496, 497. 
501. by nerve, 478, m steep, 571, see 
also Metabolism 
Heat ngor of muscle, 494 
Heatstroke. 383 
Hematin, 69 
Hematmie principle, 75 
Hematocnt, 63, 64 
Heme. 69, 71 
Hemianopia, 586, 587 
Hemiple^a, 539 

Hemispherefs) cerebellar, 551, 552. 

cerebral, 529ff 
Hemoconia, 71 
Hemocytoblast, 51 
Hemocytomeier, 61 
Hemodynamic principles, 126S 
Hemoglobin. 60, 68fT, affinity for carbon 
monoxide, 262, bile pigment from. 329. 
335. as a earner of carbon dioxide. 
see Carbohemoglobln. concentration of 
m blood. 70, in cyanide poisoning, 26, 
in cyanosis, 263, m muscular exercise, 
504-05, oxygen dissociation curve 
of, 249-51 — in fetus, 674, oxygen 
saturation of. 249, 261, 262. oxy 
genation of. 69, reduced, 69, 263, as 
a ueaV. acid, HI 
Hemolysins, 85, 215 
Hemolysis. 84, and jaundice, 335 
Hemolytic disease of new bom 82 
Hemophilia 107. 108 
Hemopoiesis, 70, copper essential for, 
402 

Hemorrhage 76 77, action of “buffer" 
nerves in, 200. after childbirth. 680, 


cerebral, see Cerebral hemorrhage, due 
to low prothrombin level of blood. 
105, 107, heart rate m, 186, m new 
bom, 107, 397, m obstructive jaundice, 
107, shock caused by, 222, transfu 
Sion m. 77, 82 
Hemorrhagic shock, 223 
Hemorrhagic states, 107 
Memostasu, 106 
Hemostatics, 106 
Hench. P S , 427 
H«de*s loop, 270 281 
Hepann, 104 

Hepatic circulation, 207, 208 
Heptoses, 367 
Hermaphrodite, 665 
Hermaphroditism, 665, 666 
Hexoses, 367, 369 

Hibernation, periodic breathing in. 260 
High altitude, 261, 262, erythrocyte 
count at, 51, 62, red bone marrow at, 
62. respiration at, 255 
High-threshold substances 280 
Hion coocentratioo. see Hydrogen lOO 
concentration 

Hirschsprung's disease. 340 
Hirudin, 1 04 

Histamine in anaphylaxis, 224, in gas- 
tric mucosa, 313, m leucocytes, 93 
Histidine, histamine from, 224, 342 
Histones, 361 

Histotoxic anoxia 261,263 
“Hives," 106 

Hofger Nielsen method of artiflcial res 
piialioo, 238 

Holmes, Oliver Wendell, 211, 214 
Homeostasis, 53. 220 
Homoiotbermic animals, 375 
Hopkins, Sir F Cowland, 383 
Hordern, 361, 365 

Hormone(s), 403ff, of adrenal cortex 
and renal function. 282, adrenocorti 
coiTophic, 428, 432, 435 — and produc 
lion of plasma globulin, 101, effect 
of on eosinophil leucoc)1e$. 90 cxces 
sive Secretion, 444, anterior pituitary 
like 456, 457, anlidiurctic. 56. 277, 
281, 283. 438, 444 , 538, antidiabetic, 
see Insulin, chemical nature of, 403, 
and contraction of gall bladder, see 
Cholecystokmin, fotlicle-stunulatmg 
455, 649, follicular, 449, see also 
Estradiol, galactogogue, 438 gall blad 
der and, see Cholecystokmin, gastric, 
313, gonadotrophic, 432, 433, 441, 
452-455, growth. 432, 433. 434, 440. 
and heal regulation. 380, Interstitial 
cell-stimulating, 454, lactogenic, 456 
(footnote), see also Prolactin, lutem- 



738 INDEX 


stimulatiag 452 453 455 luteinmng 
w lutem stimulating luteotropliic 
453 (footnote) male 451 452 art 
alxo Testosterone and mammary dc 
vclopmcnt, 653 654 of neuroh>poph 
ysis 437ff ovanan 449 450 see 
also Estradiol, Progesterone pituitary 
404 of pituitary bMy 432(f placental 
456 and renal function 281 and 
secretion of milk see Prolactin sen 
373 404 — m adrenal cortex 428 429 
see nho Estradiol Progesterone Tes 
tosterone of testis see Testosterone 
thyroid 404 — m treatment of hypo- 
thyroidism 408 409 410 thyro- 

trophic 404 432 434 435 441— fac 
tors conlrothng secretion of 413 word 
coined 325 (footnote) 

Horns of spinal gray matter 523 524 
Hot flushes 449 
Howships lacunae 49 
Humeral transmission of nervoo' cf 
feew 191 192 

Hunger 347 348 contractions 348 
pangs 348 

Hyaluronic acid see under Xcid 
Kyaluronidase 5] in semen 657 
Hydrocephalus 560 561 
Hydrogel 18 
Hydrogen 1 

Hydrogen ion concentration 108 of 
btosM and body fluids t08(f effect 
of on contraction of muscle 490 ef 
feet of on enzyme action 291 292 
effect of on oxyyicn dissociation curve 
of hemogtohin 351 of inSesimal con 
tents 345 see also pH 
Hydrophobia see Rabies 
Hydrosol 18 

Hydroside(s) 9 12 13 14 
17 Hydroxy II dehydrocortieosterone 
426 427 

Hyoid hone 265 

Hypercalcemia caused by excessive 
doses of viosterol 393 due to excess 
of parathyroid hormone 417 
Hyperchlorhydria 314 3l5 
Hyperglycemia 370 371 m diabeies 
370 after pancreatectomy 434 pirui 
taiy and 435 438 
Hypeniisulinism 371 
Hypermetropia 611 612 
Hyperparathyroidism 417 418 
Hyperpituiiansm 440 441 
Hy-perpnea 259 
Hypertcnsin 144 

Hypertension see Arterial hypertension 
HypcrthyToidtsm 41 1 412 basal meta 
bol e ra e in 359 cardiac output in 


132 dyspnea in 260 heart rate in 
186 

Hypertrophy of heart 177. 194 
Hypocalcemia 415 

Hypoglycemia 371 after hypophystc 
(omy, 434 436 in Simmonds disease 
443 

Hypopfiysectomy 432 433 436 4S3 
454 effect on uterus 453 
Hypophysis cerebri see Pituitary body 
Hyps^iluitansm 441 442 
Hypoproihrombinemia 107 
Hypothalamus 541 control of body lem 
peratute and 3S0 diabetes insipidus 
and 444 hunger and 349 sleep and 
572 

Hypothyroidism 4Q8 409 410 btsal 
metabolic rale in 359 cardiac out 
put in 133 
Hypoxia 26t 

ICSH see Hormones interstitial cell 
stimulatine 
Icterus see Jaundice 
Idiocy due to thyroid deficiency 4J0 
Ileocolic valve tee under Valve 
Ileum 321 339 

imagefs) after 604 605 retinal 498 
592 593 598— fusion of dissimilar 
by brain 498 

Imbecility due to thyroid deficiency 410 
Immune body 215 21? 

Immiimly 215 216 217 
Impregnation of ovum see Fertilization 
lmpulse(5) of heart see Heart beat 
nerve see Nerve impulse 
Inclusion bodies. 24 25 
Incompetence of heart valves 177 
Incus 617 618 622 
Indoxyl sulfuric acid 344 
Iniiucionum 484 485 486 
Infantile paralysis see anterior pol omye 
litis 

Infection 89 90 92 93 2 1 Off puer 
pert! 680 

Inicctious hepaliiis 219 
Inflammation 92 93 
Influenza 210 

Infundibulum of pituitary 429 430 431 
Infundiii 437 
Infusion 77 

Initial heat in musculir coniraciion 501 
502 

Inoculation 218 
Inositol 384 390 396 
Insensible perspiraiion 377 
Inspiration 234 235 and smcHm 
of swaltowins 303 
Inspiratory ripacitv 240 2-t 



Inspiratory reserve volume. 241 (foot- 
note) 

Insulin, 370, 371 
Insulin shock, see under Shock 
Intercellular cement, see Intercellular 
substance 

Intercellular substance, 50. 51 
Iniermedm. 440 

Internal capsule. 533, 537, 538, 539, 540 
Interoceptors, 512 

Interval a-c. see ac interval, achro- 
matic, 581. colorless, see achromatic, 
P-R, see P-R interval 
Intestinal intoxication, 342 
Intestinal phase of gastric secretion, 309, 
313 

Intestine(s) absorption from. 343, effea 
of adrenaline on, 421, effect of piiu 
itnn on, 439, evacuation of, 340. 341, 
large, 320, 321, nerves lo. 563, 566. 
small. 320 

Intraocular pressure. 616 
Intraventricular block, see under Block 
Intrinsic factor of Casile, 75 
Invert sugar, 368 (footnote) 

Involution, of uterus 680 
Iodine. I, essential of diet. 40(, isotope 
of, 6 lack of, as cause of goiter. 406. 
in soil, 407, sources of. 407, test for 
starch and dextnns 299 ihmtd af- 
finity for, 414, In thyroid hormone, 
408, 412 
Iodized salt, 401 
lodopsin. 583 

lon(s), 13, bicarbonate 13. 112. chlo- 
ride, 14, 112, hydrochloride. 14, hy- 
drogen. see Hydrogen ion, nitrate. 13, 
phosphate, 14, sodium, 14, sulfate. 13, 
14, table of. 14 

Ionization, 12. 13, of acids and bases 
aable). 13 

Ins 575. 607-608, see also Pupil 
iron deficiency of, 73, m hemopoiesis, 
isotopes of. 5, radioactive, m measure 
ment of Wood volume 64 xeqmie- 
ment of. in diet, 401, m urine, 274 
Imtability of protoplasm, 22 
Isinglass, as a transfusion maienal, 84 
Islets of kangerhans 323, 370, elfecl of 
adenohypophysis on, 436 
Isoelectric precipitation of protein. 361 
Isoelectric range, 361 
Isotopes. 4, 5, radioactive, 5 
Isotropic bands, 44 
Ivy, A C. 333 

/ bands of striated muscle, see S discs 
J discs 41. 42 

Jaundice 335 failure of absorption of 
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Vitamin K in, 107, 397, hemorrhage in, 
107, 397 
Jejunum. 320 
Xenner, Edward, 218 
Juicer appetite, 310, gastric, 307, 308, 
309— secretion of. 307, 308, 309, 310, 
•ntestinal, 326, 327, 328 — enzymes of, 
328, secretion of. 325, 328, pancreatic, 
323-26 — secretion of, 325 
Junctional tissues of heart, 165 


Kaiyoplasm, see Caryoplasm 
ICendairs compound E, see Cortisone 
Keratin. 33. 361 
Keratomalacia, 385, 386 
Kciogenic action of pituitary. 432, 436 
Ketone bodies. 370, 371, 374 
Keionuna, 37D 
Ketosis. 370, 371 

Kidney(s), 12211, action of hormones on. 
28J, in control of acid base balance 
of blood, 110. disease of, 283, 284 — 
and hypcnensicm. 143, 144, 384, in 
fetus and new bom. 679, as food m 
blood regeneration. 72, functions of, 
283. physiological anatomy of. 26911. 
structure of. 269R, and surgical shock, 
274, water of, 55 

Kinetic theory, 19, of gases. 243, 244 
Kite, in expenmenfs on digestion, 317 
Knee jerk. 511, 518. 519 
Krause’s end bulbs, 645 
Krause’s membrane in muscle fibers, 41, 
42 

Kymograph, 137, 138, 484, 485 
Kyphosis, m rickets, 394 


Labor (parturition). 675. 676, 677. 678, 
factors in onset of. 678 
Labyrinth of car. 618, 619, 630, non 
auditory, 630ff reflexes from, 634IT 
Lactalbumm, 361, 365 
Lactase, 327 

Lactation, see Milk, secretion of 
lacteaJJs), 99, 344 


i^aciic acio, maximum m muscle. 498 
see also under Acid 
Lactose. 367, in milk, 654 
Laking of blood, see Hemolysis 
Lamina propria see Mcmbrana propna 
Langerhans, islets of, 323 
Laryngeal spasm in tetany, 415 417 
Larynx, 226, 227, 264, 265. 266. 30J 
tn swallowing, 302 ’ 

Laughing, 257, 259 
lavoisier, Antoine, 351 
Law(s). “all or none"— of cardiac 
nrnsclc 159, 160, of a,„„cd mum’/ 

488, of nerve, 471, 472. of biogenesia. 



740 INDEX 


see of recapitulation. Bo>le's, 244, 
Charles', 244, of conservation of en- 
ergy, 357, Dalton a 245, of gases, 244, 
245, Gay Lussac's, see Charles’, of 
bemodynamics, 126, 127, 128, Henry’s, 
of solution of gases 250, Nfarey's, 190, 
of mass action, 291 (footnote), Men 
delian m inheritance of blood groups, 
80, of partial pressures see Daltons 
of recapitulation, 670 671, 672, Star 
lings, of heart, 193, Van HofTs, 492 
Laxatives, 346 

Layer(s) of cerebral cortex, 531, 532, 
of retina. 576 577, of skin, 33, 34 
“Lead pipe" rigidity, 541 
Lecithin 373, in bile, 329, In erythro- 
cytes, 59 
Legumin, 365 

Lemniscus lateral. 542, 345, media! 

545, 546, trigeminal 546 
Lens of eye. see Crystalline tens, glass 
590, 59! — achromatic, 610. contact. 
614 

Letting down" of milk. 438. 455 
Lettuce, as source of vitamin E, 395 
Leucemia, see Leukemia 
Leucocytes 85ff basophil, see granular 
in cerebrospinal fluid, 561, counting of, 
SO* diflerential count of, 91, eosino- 
phil, see granular, functions of. 87, 88. 
granular 86, 87, 88. histamine m 93. 
224, in inflammation, 92 93, life of. 
92. numben of, *7, 91, iwWtophn see 
granuUr polymoiphonuclear, see gran 
ul&r 

Leucocytosis 91 promoting factor, 92 
Leucopcnia, 92 
Leucotaxtu 93 
Leukemia. 92 
Levulosc. see Fructose 
Leydig, cells of, 452, 454 
Light adaptation of eye to 581, 582 
effect of on pupil, 608, red rods of 
retina insensitive to, 581, refraction of 
589, 590. 591. 602. 603. sensitivity of 
retina to, 583. see also Visual acuity, 
spill by prism, 581. ultraviolet, anti 
rachitic action of, 392 393 — effect of 
on skin, 393, vitamin D and. 392 393, 
visual purple bleached by, 382, 583, 
wavelengths of 399, 600 
Liilie, Ralph. 472 

Lill«*i iron wire model of nerve, 472- 
73 

Lipase(s), 292, 293, 327, of gastric 
juice, 307, 309, of intestinal juice, 328, 
pancreatic, see Steapsin 
Upemia, 370 

Lipoproteins, 361, in alherOKferosis, 145 


Liquid paraflin as a laxative, 346 
Liquor amsii 675 
Liquor follicuh. 649, 650 
Lister, Lord Joseph, 211, 213 
Litmus {5 

Liver, 289, and carbohydrate metabelism 
369, circulation of blood in, 207, 208 
cords of, 208 328, detoxicating fuoc 
tion of, 342, 343, and fat metabolism 
373, glycogen of, 368 origin of from 
entoderm. 669, production of bile by 
328 in regeneration of blood (Table) 
72, siousmds of, 203, as a source of 
serum albumin and fibrinogen 37, 
water of. 55 

Liver extract in the treatment of per 
mclous anemia 74 
“Living test lube," lOS 
Lobefs) of cerebrum 531-38 frontal 
544, of lungs, 229; neural of pituitary 
body, see Neurohypophysis occipital 
533. 536, panetal 533, 535, of pitui 
tary body, 430 431, temporal, 533, 
535 536.544 
Local excitatory stale. 465 
Locomotor ataxia, 521 
Leewi Otto, 191 

Longsightedness, see Hypometropia 
Lorain type of dwarf, 441, 442 
Lov6q reflex 151 

LSH, see Hormone futeie stimulating 
Ludwig Carl. 137 
Lumbar puncture 558, 561 
Lung(i). 227, 228. 229, aif of. 240-42 
buoyancy of. 241, dead space of, 242, 
elasticity of. 232, evaporation of wa 
ter ftotn, 377, 378, exchange of gases 
ui 247, 248, expansion of 233, hyper 
ventilation of. see Respiration, forced, 
stiffness of, 206 
Lung capacity, 241 
Lung unit. 229. 231 
Lutein, 450, 469 

Lutefn-stunulatlng hormone see under 
Hormone 
Lye. 14 

Lymph, formation and composition ot, 
98 

Lymph glands, see Lymph nodes 
Lymph nodes, 99. 130 220, as filters. 

100 functions of. 100, 101 
Lymphatics 98, 99. 100 
Lymphocytes 85. 90. 91. 98. in lymph 
98, prwuced by spleen 97, produced 
by thymus 437, piwuction of gamma 
globulin by, 101, production of plasma 
globulin by. 57. 91. 101 
Lymphocytosis 91 
Lymphopenia, 92 



Lysme, 360, 365 
Lysozyme, 575 

Macrocytes, m penucious aoemia, 74 
Macrophages, 94, 95, 97 
Macula lutea, 579 
Magendie, Franfois, 319 
Magnesium m blood, 57, 58, in diet, 
401, m mositol, 390, m unne, 274 
Magnesium sulfate, see Epsom sails 
Maize pellagra and, 390, proteins of, 
365 

Make shocks. 465, 466, 467 
Malana, 210, 212 
Malleus. 617, 618, 622. 623 
Malpighi, Marcello, 202, 276 
Malpighian corpuscle, see Clomerulus 
of kidney 
Maltase, 300. 327 

Maltose, 300, 368, hydrolysis of 289 
Mammary gland. 455, 652, development 
of, 653, secret/an at, see Mdk, secre- 
tion of 

Manganese, as an essential of diet, 402 
Manometer. 137. 138, 139, 141, 151, 
152, for measunng venous pressure, 
152 

Masculuization. 429. 665 

Mass movement, see under Movement 

Mastication, 301 

Mating season, 445, 447 

Measles. 210, 219 

Meat eaicTie value of, per pound, 40(k 
proteins of, 365, minerals of, 401 
Meatus(es) external auditory. 617, in 
temal auditory, 620, 621, 622, of nose. 
226, 227 
Meconium, 679 
Mediastinum, 231, 232 
Medulla of adrenal, see Adrenal me- 
dulla, of kidney, 273, of thymus, 457 
Medulla oblongata, 529, 531, 543, 546. 
554 

Megacaryocytes, 93, 94 
Megacolon, 340 
Megaloblasts, 70 
Meiosis, 661, 662 

Meissner’s corpuscles, see under Cor 
puscles 

Melanin of skin. 36 
Melanoblasts, 36 

Mclanophore expanding action of pifui- 
trm. 437, 438 439 
Melanophorcs 437, 438 
hfembrana granulosa 649. 650 
Membrana propna. 29 
Membrane(s) basement 29, basilar, 
619. 620 622. 624. 625. 626. of brain 
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and spinal cord, 555-57, cell, 25, 
drum, see tympamc, fetal, 676, 677, 
679, Krause’s, m muscle fiber, 41, 42, 
mucous, 37— of intestine, 326, of 
stomach, 304, 305, 306, of red cell, as 
3 sernipermeable membrane. 111, 
Reissners, see tectona], semiperme- 
able, see Semipermeable membrane, 
tectorial, 620, tympanic. 617, 618, 622. 
623 

Membrane theory of nerve conduction. 
472 

Memory, 536 

Meninges, see membranes, of brain and 
spinal cord 
Meningitis, 561 
Menopause. 449 

Menstruation 447, 448, 450 precocious 
429. suppressiou of, m piliutary dis- 
ease. 443 

Mercury, diuretic effect of, 282 
Mercury vapor lamp, 393 
Mesencephalon set Midbrain 
Mesoderm, 668 669 
Mesothelmm, 38 

Metabolism, 350-70, carbohydrate, 
367ff — 10 diabetes, 370 bonnones 
aod 371, msulm and 370ff, and nerv 
OU5 system. 372, dyspnea caused by 
tncrease, 260, effect of fever on 381, 
fat, 372ff— ID diabet«, 370 of nerve 
478, protein 359-65 of protoplasm, 
7, 23, purine, 36$ 367 
Metalloporphynns 68 
Metapbase, 26 27 
Metaprolein, 361 
Metartenoles 202, 203 
Micellae, of muscle. 42, 497. 500 
Microglia, 306. 507 
Microgram, 401 (footnote) 

MKromicron. 17 (footnote) 

Micron, 17 (footnote) 

Microphages, 95 
Microvolt, 537 (footnote) 

Mictuntion, 285B 
Midbram, 529. 531, 543ff 
Midget. 441, 442 

Midget ganglion cells of retina, 576, 377 
Mibeu interne, 54 

Milk* calcium of, 407, calone value of, 
400, coagulation of, by rcnnm. 309, 
composition of, 654. irradiated 393 
“fetting down” of, 438, 455, proteins 
of. 365, secretran of, 454 653, 654 
€80 — hormones and. 454 455. pitui 
tary and. 432, 435, 454, vitamins of, 
654, 655. “witch’s “ 456 (footnote) 
Milk sugar, see Lactose 
Millimeter, 17 (footnote) 
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I 

, Muwle iwilch phases of 487 rcconJ 
j Inp Df 484-S7 

' Muscular contraclion 484ff chemtstry 
r of 497fr-- phases in 49g 49$ sfll 
and Intensity of stimulus 488 d)s 
trophies vitamin E and 39S cfTect 
r of loading on 490 491 effect of 
stretching fibers On 490 49l cfTeci 
of ternperaJure on 492 cjrcicncy of 
495 496 497 heat production m 501 
'02 and intensity of stimulus 488 
isometric 49l 496 isotonic 49t 496 
latent penod of 487 48K phases of 
497 498 499 source of cnerj^y for 
497 499 '03 total cnergj expcndi 
ture of 497 

Muscubr exercise 502 05 dangers of 
m cldcflv 505 dvspnca in 260 eryih 
rocyte increase in 61 heart rate in 
186 and heal production '79 380 
mct^hnlism in 339 physiologivat Jd 
jiistmcnts in '03 504 
Muscular work 495 cirbohydrntc usage 
in 503 

Nfuslard as an emetic 319 
Myelin 460 

M>elin sheath 460 461 481 4g'> 508 
Myclini«itfon 461 
Myeloblasts 92 
Myelocytts 92 

Myocardium see Muscle cirduc 
Myofibrils 4| 

Myoglobin 497 

Myoneural junction fstigicof 48’ 492 
Myopia 611 6t2 
Myosin 365 497 500 
Myxedema 410 411 

Nails 35 

Nasal conchte 301 641 
Nature healing power of 219 
Nausea 310 andltbyrinlh 634 
Navel srr Umb licus 
Near sinhtcdncss see Myopia 
Necrosis of heart muscle 203 
Needling of lens 615 
Ncgafisc exponent 109 
Negroes Rh positive blood 81 (footnote) 
Nephritis 283 284 
Nephron 269 270 

Nervefs) abducent 544 547 548 '49 
accclentor 188 189 acccssoty 544 
547 551 accommodation of 467 
acoustic 544 547 549 afierent 460 
all or none Jaw of 471 472 nmye 
linated 460 aortic 199 200 audi 
torv fails to regenerate 464 aug 
mentor to heart see accelerator of 
blood vessels 195 buffer" 200 car 


iliac 186 J89 J90 — fiberalion of 

acetylcholine and adrenaline by 192 
of ccrcbnl sesscls 209 chemical 
changes in 478 chorda tympani 296 
297 549 567 618 640 chronaxie of 
467-69 of coronary vessels 205 
crania! 547-51 degeneration of 467 
525 depoHriration of 473 474 ef 
ferent 460 clertr/ial changes in 469 
71 cfe.troionus in 465 67 excitability 
and conductivity of 464 465 of face 
549 facnf 296 S44 547 <49 of 
gall biadiU-r 332 clossophsrynceil 

199 200 296 544 547 '48 '49 

5'0 640 — in act of swallowing '03 
hypoclossul 544 547 5'1 — in act of 
swaJlowrng 3D3 of large intestine 
340 lingual 296 640 mandibular 
549 nnsdiary 549 medullaied see 
iDschnited m xcd 459 motor and 
sensory 4S9 4f0 of muscle 482 
mycl naicd 4r0 myclimzation of 461 
nonmediillaied see amyelinitcd ecu 
lomotor '42 olfactory 227 643 oph 
ibalmic 549 optic 547 574 575— 
absence of neiir lemma 4f I fails to 
rtgencrute 464 paras) mpalhct c 56** 
565— to sal varj glands 296 297 

sAsoddator fibsra of 19f s<< ii/to 

pelvic va"us etc pelvic 563 565— 
to bhdder 287 of jxnis 659 phren c 
219 2" 256 {lexuses (cervi<.al 

brach tl etc ) 52) polarizat nn of 
473 of pulmonary vessels 207 re 
fractory periods of 473 474 regen 
cration of 461 464 renal 272 273 
sensory to heart 190 s nus 190 199 

200 201 of smnll inlesimc 338 339 

spinal 524 525 526— primary d vi 
sions of S’S 526 splanchnic 195 
564 slimLiIation of 465 466 of 
sionnch 3T5 316 strengih-durallon 
curve of 468 structure of 4'9fr of 
swallowing 303 sympaihctic 209 — 
and act of ejaculation 6'7 lo adrenal 
medulla 424 to bladder ’87 lo Wood 
vessels 195 to heari see sccckntor 
lo salivary glands 296 297 to smsll 
inicame 338 339 vasoconstrictor 

195 196 565 vasodilator 196 565 
vasomotor jee vasoconstrictor vnso- 
d Inter of taste 638 639 640 tn 
geminal 544 547 548 — in net of 
swallow ng 303 trochlear 547 two- 
way conduct on in 515 S’O '21 
vngus 544 547 '50 562 — -acetyl 

choline from in heart 191 in act of 
sutlkmlRg 303 action of on auricuJo- 
ventricular condiicifon 188 in curd o 
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spasm. 303, lo heart, 187, 188, 191, 
and pancreatic secretion, 325, to tn* 
testine, 338, 339, vasocoflsinctor, 195, 
196, 56S— distnbution of, 196, vaso- 
dilator, I96, 565, vestibular, 631, 632, 
of vomiting, 319 

Nerve {mpulse(s}, 465ff, afferent, In re- 
lation to sleep. 572, 573, antidromic 
vasodilator. 196, frequency of, 474, 

475, 476, 477, 478 — m auditory nerve, 
624, 628, and magnitude of response. 

476, 477, 478, velocity of. 474, 475 
Nerve tracts, 461, see also Tracis 
Nervus intermedius 549 

Neural stalk of pituitary body 429 
Neurilemma, 461, 463, 464, 503 
Neurofibnls, 462, 464, 506, 507. 508 
Neuroglia. 506, 507 
Ncurohuraors, 567 
Neurohypophysis, 430, 431. 437 
Neuromuscular junction, sef Myoneural 
junction 

Neuronfs), 506, 507, 508, effector, re- 
ceptor, and connector, 510, 511, 512, 
intercalated, see connector, iniemun 
cial, see connector; motor, 512, upper 
and lov>tT motor, 517 
Neutral fats, 372 
Neutronfs), 3, 4 
Neutropenia, 92 
Neutrophilu, 97 
Neutrophils 87. 88. 89. 91 
New bom, 679, erythtrocytes In. 679. 
hemolytic disease of, 82 — hemorrhage 
of 105. 107, 397. 679, vitamin K de 
ficicncy in 679 
Niacin see Nicounic acid 
Nicol pnsm, 43 

Nicotine, action of, on heart. 191 
Nicotinic acid. 284, 289, 296 
Night blindness, 386, 583 
Nissl bodies, see under Body 
Nilnies in angina pectons, 205, cause 
of cyanosis, 263 

Nitrogen in air, 245, 246, equtvalcnl 
•»ejpht of, 9, in fetes, 345 men m 
respiration 245, in urine, 274 
Nitrogen balance, see Nitrogen equlib- 
num 

Nitrogen equilibrium, 363, 364 
Nitroglycerine, in angina pectoris. 205 
Nocturnal enuresis, 287 
Nodal tissues, see under Tissue 
Node(s) auiiculovenlTicuhr, 167, )68, 
169. 186 J8S — effect of vagus on. 
188, lymph, see Lymph nodes, of Ran- 
vier. 461. 462 sinoauncular 167, 168, 
169. t87 

Nonihreshold substances, 280 


Noradrenaline, 420, 423, 425, excessive 
production of. 425 

Norepmephnne, 420, see also Noradren- 
aline 

Normoblasts. 63, 70 
Nostnls. 226 
Nuclear sap. 24 

Nuclear satellite, see $cx chromatin 
Nuclein. 366 
Nucleolus. 24. 25, 27 
Nucicoprotem, 24, 361, 366, 367 
Nucleosidase, 327 
Nucleosides, 366, 367 
Nucleotidase, 327 
Nucleotides, 366, 367 
Nucleusfl): caudate, 537, 538. 540, of 
cell, 23. 24, cerebellar, 552. 554, 
cochlear, 621, cuneatus, 528, definition 
of (footnote), 540, dentate, see cere- 
bellar; dorsal of vagus, 550, emboli- 
fonnis, see cerebeOar, fasligu, see 
cerebellar, gracilis, 528, hypothalamic. 
430. 541. leniiform, 538, 540. of neu 
nlernma. 46). of oculomotor nerve, 
542. paraventncular, 541, pontme, 
546. red, 542, 545, 554, ruber, set 
red, sahvatory (salivary), 296, 549, 
550, 640, supraoptic, 341, of injem* 
ina). 549, vestibular, 522, 523, 553, 
554, 632 
Nutrition, 351ff 
Nyctalopia, see Night bUndness 
Nystagmus, 634 

Obesity, 352, 374, 375. duutrophenol in 
383. In pituitary disease, 441, 442, 443 
Occipital kibe. 536 

Occupations, calorie requirements, 399 
Ocular accommodation. 593-95 
Ocular hypertension, see Glaucoma 
Odors, 641, classificaUon of. 642 
Ocstnn, see Estrin 
Oestrus, see Estrus 
Olfactory nerves, see under Nerves 
Olfactory sensations, 640 
Wigodcndiogfia, 596, 597 
Onion, chromosomes of, 27 
Oocyte(s). 468. 661, 662 
Odgenesis, 661 
Obgorua, 661 

Ob^rm 663. see elso Zygote 
Ophthalmoscope. 578 
Optic chiasma, 430, 331. 541, 558, 586, 
587 

Optic papilla. 578 
Optic radiation 589 
Optfo thalamus see Thalamus 
Optical defects, 608-16 
Optical illusions 605, 606 



Optical pnnciplcs, 389 
Optogram, 583 

Organ of CortJ, 619, 620. 625, degenera 
tion of, 625 
Organelles, 24 
Organoids 24 
Osmosis, 65, 66, 67 
Osmoreceptors, 283 349 
Osmotic pressure, 65, of plasma 67 
Osmotic work of kidney, 281 (footnote) 
OsteiUs fibrosa cystica, 417, 418 
Osteoclasts, 49 

Osteomalaaa, 395, tetany in, 416 
Otecoma, jee Otoliths 
Otoliths 631, 635 
Ovalbumin, 361, 365 
Ovalocytes, 62 
Ovanan pregnancy, 658 
Ovariectomy, 445 

Ovaiy(ies), 648, 649, action of gonado- 
trophic hormones on 455, effect of 
pituitary extract on 453, hormones of, 
zee under Hormones pregnancy on, 
zee Ovanan pregnancy 
Oviducts, 650 
Ovoviielline, 365 

Ovulation. 446, 447, 448 450 649 
Ovum(a), 449, 450, 648, fertilization of, 
451. 650. 657. 658 662, 663, implan 
tatioD of, 669, impregnation of. zee 
fertilization of zee also Blastocyst 
Oxalates as anticoagulants. 104 
Oxidase(s). 292 
Oxidation. 9 

Oxidative phase of muscular contrac 
uon, zee Aerobic phase 
Oxygen absorption of, in respiration 
243, in alveolar air, 246, in arterial 
blood, reduced pressure of, 255, atomic 
weight and number of, 2. capacity of 
blood, 70, coDSUDiptiOD, 354, 355, 359 
— basal metabolic rate from, 336, 357. 
of m combustion of food stuffs 355. 
of la muscular exercise, see Oxygen 
debt, of by nerve, 478, effect of m 
fatigue of muscle. 491, 492, equivalent 
weight of, 9, in expired air, 246 in 
mspired air, 245, 246, lack of, see 
Anoxia isotope of 5. m measure 
meat of cardiac output, 133, partial 
pressure of — at high altitudes 26J, in 
artenal blood, 248. m venous blood 
248, in plasma 249, m saliva, 298, 
want of. see Anoxia 

Oxygen admmistrauon 264, in artificial 
respiration, 240, 264 

Oxygen capaaty of blood, see under 
Oxygen 

Oxygen debt. 502, 503 
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Oxygen dissociation curve of hemoglobin 
249, 250 

Oxygen transport, 249, 250 
Oxyhemoglobin, 69, 250 
Oxyteineychnc, 222 (footnote) 

Oxytocic acuoa of pituitnn, 437 
Oxytocin, zee Pitocm 

Pacemaker, of heart, 167 
Pacinian corpuscles, see under Corpuscles 
Pam in angina pectons. 20S, cerebral 
cortex and, 535, cutaneous, 644, 645, 
fast and slow conduction of, 475, of 
hunger, 348, intestinal, 347, protec 
live value of, 2!9. 220, referred, 347, 
thalamus and, 439, 540 
Palate, m swallowing. 301, 302 
Pancreas, 289, 322, 323. action of pitui 
lary on. 432, 436, 455. and diabetes. 
370, removal of, 370 
Pancreatectomy, 370, 436 
Pancreatic diastase, see Amylopsia 
Pancreozymin, 325 
Panting. 378 

Pantothenic acid, 390, 396 
Papillae of «km, 33. 34, of tongue, 638 
Papillary muscles of heart 117 
Para nomobcnzoic acid 221, 384 390 
396 ' 

Paracasein, 309 
Paraffin oil 346 
Paraganglia, 419 
Paralax, 599 

Paralysis, caused by cerebral hemorrhacc 
539. flaccid, 525, 527, sposUc. 32s! 
527, upper and lower neuron type^ 

Paralysis agilans. 541 

212, eosinophn leucocytes and 

Parasympathetic nerves, see under Nerve 
ParaJhyrmd extract, 416, and vitamin D 

Parathyroid glands, 4I4ff 
Parathyrotrophic action of pituitary, 432. 

Paneui lobe, 535 
Paroxysmal tachycardia. 185 

Pan ^intermedia of pituitary, 430 43 j 

Pars nervoM. see Neurohypophvsit 
Pars tuberalis 430, 431 c / * 
Panbenosenesls, 664 
Panicle(s) alpha, 3 colloid 17 
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Parturition, see Labor 
Pasteur, Louis, 211, 213 
Pathogens, ZlOfT 
Pavlov. Ivan. 310, 567. 568. 373 
Peas, proteins of, 365 
Pcduncle(s): cerebellar, 543, 344, J5I, 
354, cerebral, 529, 543 
Pellagra, 389. 390, 396 
Pelvis female organs of, see under Re- 
productive organs, of Vidne^, 272 
273, 285, male organs of, see under 
Reproductive organs 
Pendular movements, see Movements, of 
small intestine 
Penicillin 221, 222 
Penicillium notatum 222 
Penis 639 nerves of, 639 
Pentose. 366 367 
Pepsin, 288, 292. 307. 308 
Pepsinogen, 308 
Peptidases 324 327 
Peptids 333, 361 
Peptones 307, 361 
Pericardial sac. 113 
Peneardium. 113 
Pericaryon 306 
Penlymph, 620, 630 
Perimeter 587, 588 
Perimysium, 43 
Perineurium, 459 460 
Pertod(s) of atificuhr systole, 170 171 
172, 173. of cardiac cycle 16911. of 
diastasii. 170 171, 172 173. of ejec 
(ton. 170 171. 172, 173 isometric 
contraction, 170, 171. I73 173. iso 
metric relasation, 170, 171, 172 173. 
latent, of muscle 487. menstrual 447, 
puerperal, see puerpenum refractory 
—of cardiac muscle, 160. of nerve, 
473, of stnated musvle, see latent, re- 
productive. of females, 445 
Periosteum union of muscle tendon 
With 480 

Peripheral resistance. 146, 147, and ar 
tenal hypertension 143, effect of r»r 
adrenaline and adrenaline on, 423. 
splanchnic nerves and 147 
Peristalsis 302, 341 m intestine, 336 
337, In stomach 316 
Pcnstallic rush, 337 
Pernicious anemia 74 gastric amaad 
Ity in 314, jaundice in, 335 
Perspective. 599 
Petcchiae. m scurvy, 391 
Peyer’s patches, 101 

pll. I08ff, of blood and body fluids 
108IT of gastne jiin-c, 308, of m- 
iestinal contents. 34 s and isoelectric 
pceapitaiion, 361, opt mum for actwn 


of steapsm. 324, optimum for action 
of trypsin, 324, scale, 110 
Phagot^osis, 88 89, 90 
Pharyngeal pouches. In embryo 671, 672 
Phtrynx, 226, 301, muscles of, 550, sen 
sation of thirst fn, 349 
Phenylalanine, 360 
Phipps. 5ames. 216 (footnote) 
Phonation, see Voice 
Phosphate(s), in perfusion fluids, 163 
Phosphalldes, see Phospholipids 
Phosphenes 578 

Phosphocreatine in muscle, 497. 498 
499, in nerve, 478 

Phospholipids, 373, In atherosclerosis 
145 

Phosphoproteinfs), 361 
Phosphorus m bone, 49. in diet, 401 la 
inositol 390 isotope of, 6. radioactive 
see isotope of in unne, 274, 275, vita 
mm D and 393 

Photophobia, in riboflavin deficiency, 389 
Photosynthesis, 350 
Physostigmine. see Esenne 
Pi^ (ermineaux, 509 510 
PtcToelectnc effect in cochlea. 627 
Pigeon crop gland of, thiamin deficiency 
m. 387, 388 
Pigeon breast, 394 

Pigmeni(s) of bile, 329. 330, of feces 
see Stercobilin, of retina, 577. 578 
583, of skin, 34— pituitnn and 437 
458 439 of urine, see Utochrome 
visual purple, 383 
Pilocarpine, see Esenne 
Pineal body, 458 
Pinna 617 

Pilch of sound. 624. of voice 266 
Pitocin 439 
Pitrcssln, 439 
Piiuicyles, 431 

Pituitary body, 429ff, disorders of in 
man, 440-44, and onset of labor. 678 
Pituitary cachexia, 443 
Pituitary extract see Piiuitnn 
Piluicnn 437, action of on capiHanes 
203 in diabetes insipidus. 444 
Place theory of heanng see under The 
ory 

Placenta. 670, 675. 677, 679. hormones 
of 456, passage of Rh antigen through 
81 

Plantar flexion 483 
Plasma see Blood plasma 
Plasma accelerator globulin 103 
Plasma clearance. Glossary 
Plasma proicins. 37 38. and formation of 
urine. 277. restoration of after hemor 
rhage. 77 
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Platelets, see Thrombocytes 
Pleura(ae), 231 
PJeunsy, 231 

Plexus(es) choroid, 359, 360, nerve, 
195, 325— of Auerbach, 338, 339. 
362. of Meissner. 338, 339, subpapil- 
lary venous, 15, 204, 377 
Plica circutares, 344 
Plutonium 3 
Pneuma, 120 
Pneumonia, 210, 220 
Poikilocytes, 63 
Poikilothermta, 375 
Polar bodies, see under Body 
Polished nee, cause of thiamin deficiency, 
386. 387 

Polycythemia, cyanosis tn 264 
Polyestrus species, 446 
Polygraph. 182 

Polymorphonuclear leucocytes, 87. 88, 
89, 90 

Polyneiiriits due to thiamin deficiency, 
386 388 

Polypeptids, 323, 361 
Polysaccharides 367 

Pons. 329. 531. 338. 544, 343. 546, 334. 
338 

Porphyrin 69 

Postenor chamber of eye 373 
Postestrus, 446 
Postural tone, of rectum, 341 
Potassium action of on heart 163, ui 
adrenal insufPcIency, 425 in blood, 
37, 58, equivalent weight of. 9, sulfo- 
cysnate >n saliva. 298, in urine, 274 
Potassium inhibition of heart, 163 
Pot belly” m nckets 393, 394 
P-R interval, 182, 184 
Precipiims, 216 

Pregnancy. 447, 448, 6740, abdominal. 
658. Ascheim Zondek test for. 456, 
457, cardiac output m, 132, dietary cal 
cium in, 401, ectopic, see abdominal 
cstrauterine, see abdominal, growth 
of uterus in. 651, 652, injuiy of pitui 
fary m, 443, ovarran, see ectopic, Rh 
factor in, see Rh factor, test, see 
Ascheim !^ndek, tubal, 658, vomit 
ing in, 320 

Premature beats, see Extrasystoles 
Premotor area, see under Area 
Presbyopia 610. 611 
Pressure blood, see AnenaJ Venous, 
Capillary blood presure, in Bowman’s 
capsule, 277, 278 of cerebrospinal 
fluid 558, 559, filtration, m unoe 
formation 278, hydraulic of blood 
see Hydrostatic, 64 hydrostatic of 


blood, 64, 65, 67, tntra abdominal, 
141, intrapleural, 232, 233, inirapu1« 
monary, 232, intralhoracic, 232, 233 — 
effect of on blood pressure, 207, ' neg- 
ative" in pleural cavities, 233, osmotic 
— m unne formation, 277, 278, see 
also Osmotic pressure, sensation of 
cutaneous, 644, 645, 646 
Primary hypertension. 143 
Prism nicol, 43, refraction by, 589, 
while light split by, 581 
Proccss(ei), definition of, Glossary, of 
nene cells 506, 507. 508, 510, see 
also Dendrites Axons 
Proestrus 446. 447 

Progesterone, 448, 450, 669, see also 
Progestin 

Progestin, 450, 653, and milk secretion 
455, and onset of labor 678 see also 
Progesterone 

Prolacrm, 432, 4S3 (footnote) 454, az- 
lion of on crop gland of pigeons, 456 
(footnote) 

Pronlosil, 221 
Prophase 26 

Proprioceptors 512, of carotid sinus 
199 256. 257, 258 of lungs 237. of 
semicircular canals 630 631 of stri 
Bled muscle SIS, of utncle, 638 
Prostate 659, 660 
Protamines, 361 with insulio, 371 
Pfotanomaly, 602 
Protanopia, 601 

Proleasefs)* of gastric /ulce see Pepsm 
of intestinal juice, see Erepsm in 
leucocytes 80. of pancreatic juice 
see Ti^sin 

Protective mechanisms, 219 220 
Protcin(s), 35911, as ampholenc electro- 
lytes. 361, classification of, 361, com- 
bustion of Id calorimeter, 353, con 
jugaied, 361, deficiency of as cause of 
anenua, 73, derived, 361, dietary re- 
quirement, 399, 400, digestion of, 
307. 323, 324. 327, elemental com- 
position of. 339 foreign reaction to 
223, 224, gfucose from, 363, 369 of 
hair. SOO. heat equivalent of 3S4. his- 
tory of in body, 362-63, incomplete 
365, metabolism of. 359-65— adrenal 
cortex and, 427 of plasma, 57. 58 
of skin. 33. m urine. 284, m various 
foods. 365, of various foods. 359 
Proiernasefs), see Protect 
Protemaies 361 
Proteoses 307, 361 

Proihrornbin, 103 reduction of in blood 
lOS J07 and vitamin K, 397 
Protons 3, 4 
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Parturition, see Labor 
Pasteur, Louis, 211, 213 
Pathogens, 210ff 
Pavlov. Ivan, 310, 567. 56S 573 
Peas, proteins of, 365 
pedundefs) cerebellar, 543, 544 551, 
554, cerebral 529, 543 
Pellagra, 389, 390. 396 
pelvis female organs of, see under Re 
produaive organs, of Lidney. 272, 
273, 285, male organs of, see under 
Reproductive organs 
Pendular movemenu, see Movements of 
small intestine 
PcRiciUin. 221. 222 
Penicjll/um rotatum 222 
Penis, 659, nerves of, 659 
Pentose, 366, 367 
Pepsin, 288, 292. 307. 308 
Pepsinogen, 308 
Peptidases, 324. 327 
Peplids 323. 361 
Peptones, 30?, 361 
Pencardial sac 115 
Pericardium. 1 15 
Pertcaryon 506 
Perilymph, 620. 630 
Perimeter, 587, 588 
Perimysium 43 
Penneunum, 459, 460 
Periodfs) of auricular systole. 170, 171 
172, 173, of cardiac cycle 169fr of 
dustatts 170, 171, 172, 173, of ejec- 
tion, 170 171, 172, 173. isometric 
contraction 170 I7l, 172, 173. iso 
meinc relaxation, 170 171. 172 173. 
iaienf of muscle, 487, menstrual 447, 
puerperal, see poerpcrium refractory 
— of cardiac muscle, 160, of nerve, 
473, of striated muscle, see latent, re 
productive, of females, 445 
Penosteum, union of muscle tendon 
mth. 4S0 

Peripheral resistance, 146, 147 and ar 
icrial hypertension, 143. effect of nor 
adrenaline and adrenaline on. 423 
splanchnic nerves and 147 
Penstalsis 302, 341 m intestine, 336 
337, m stomach 316 
Peristaltic rash 337 

Pernicious anemia 74 gastric amacid 
ity in. 314 Jaundice In, 335 
Perspective, 599 
Petechlae, in scurvy, 391 
Peyer’s patches, 101 

p>L lOSfT. of Mo^ and body fluids 
108(f. of gastric juice 308 of in- 
testinal contents 345. and isoetedric 
precipitation, 361, optimum for acticm 


of steapsin, 324, optimum for action 
of trypsin 324, scale, UQ 
Phagocytosis. 88, 89, 90 
Pharyngeal pouches, in embryo 671. 672 
Pharynx. 226, 301, muscles of, 550, sen 
ration of thirst in, 349 
Phenylalanine, 360 
Phipps, James 218 (footnote) 
Phonaiion, see Voice 
Phosphajefs), m perfus/on fluids 163 
Phosphalides. see Phospholipids 
Phosphencs, 578 

Phosphocrealine m muscle, 497. 498. 
499. in nerve, 478 

Phospholipids, 373, In atherosclerosis 
145 

Phosphoprotemfs), 361 
Phosphorus in bone. 49, in diet. 401. in 
inositol 390. isotope of, 6, radioactive 
see isotope of, in unne, 274, 275, vita 
mm D and, 393 

Photophobia, m riboflavin deficiency, 389 
Photosynthesis, 350 
Physosiigmme, see Cwrme 
Pied termincaux. 509, 510 
PieioelectTic effect in cochlea 62? 

Pigeon, crop gland of, thiamm deficiency 
in 387. 388 
Pigeon breast, 394 

Pigment Cs) of bile. 329, 330. of fecei, 
see Stercobiiin of retina 577, 578 
583, of sXin 34— pituitnn and 437, 
4)8, 439 o( ueme, we Utochtome, 
Visual purple 583 
Pilocarpine, see Esenne 
Pineal body, 458 
Pinna, 617 

Pitch of Sound, 624, of voice, 266 
Piiocin 439 
Pi’rcssm, 4)9 
Pituicytcs 431 

Pituitary body, 429ff disorders of in 
man, 440-44, end onset of labor, 678 
Pituitary cachexia, 443 
Pituitary extract, see Pituiinn 
Pituiinn, 437. action of on capillaries 
203, In diabetes insipidus. 444 
Place theory of hearing, see under The 
ory 

Placenta 670, 675, 677, 679. hormones 
of. 456, passage of Rh antigen through 
81 

Plantar flexion. 483 
Plasma, see Blood plasma 
Plasma accelerator globulin 103 
Plasma clearance. Glossary 
Plasma proteins 57, 58, and formation of 
nnne. 277, restoration of after hemor- 
rhage. 77 
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Platelets, set Thrombocytes 
Pleura(ae), 231 
Pleurisy, 231 

Plexus(cs) choroid, 559. 560, serve. 
J95 525— of Auerbach, 338, 339, 
562, of Meissner 338 339, subpaptl 
lary venous 35, 204, 377 
Plica circulares, 344 
Plutonium, 3 
pjieuma, 120 
Pneumonia, 210, 220 
Poikilocytes, 63 
Poikilothermia, 375 
Polar bodies, see under Body 
Polished nee, cause of thiamin deficiency, 
386, 387 

Polycythemia, cyanosis in, 264 
Polyestrus species, 446 
Polygraph. 182 

Polymorphonuclear leucocytes, 87, 88, 
89, 90 

Polyneuritis, due to Ihiamm deficiency, 
386 388 

Polypeptids, 323, 361 
Polysacchandes 367 
Pons. 529, 531, 538, 544. 545. 546. 554, 
558 

Porphynn 69 

Posterior chamber of eye 575 
Postestrus, 446 
Postural (one of rectum 34 1 
Potassium action of on heart 163. in 
adrenal insufficiency, 425. m blood 
57, 58, equivalent weight of 9, sulfo 
cyanate in saliva 298, in urine, 274 
Potassium inhibition of heart, 163 
“Pot belly" m rickets, 393, 394 
P-R interval, 182, 184 
Precipitins, 216 

Pregnancy, 447, 448, 674S, abdominal, 
658. Ascheim Zondek test for, 456, 
457, cardiac output in, 132, dietary cal 
cium in 401, ectopic see abdominal, 
exfraerrenne, see abdominaf, growtft 
of uterus in. 651, 652, injury of pitui 
tary in, 443, ovanan, see ectopic, Rh 
factor in, see Rb factor, test, see 
Ascheim Zondek, tubal, 658, vomit 
mg In. 320 

Premature beats, see Extrasystoles 
Premotor area, see under Area 
Presbyopia. 610 611 
Pressure blood, see Arterial, Venous 
Capillary blood presure in Bowman’s 
capsule 277, 278 of cerebrospinal 
fluid 558, 559, nitration, m unne 
formation 278, hydraulic of blood 
see H)drostalic. 64 hydrostatic of 


blood, 64, 65, 67, intra abdominal, 
341, intrapleural, 232, 233, intrapul* 
monary, 232, intralhoracic, 232, 233 — • 
effect of on blood pressure, 207, ‘ne^» 
ative" in pleural cavities, 233, osmotic 
— in unne formauon, 277, 278, see 
also Osmotic pressure, sensation of 
cutaneous. 644, 645, 646 
Primary hypertension, 143 
Pnsm nicol, 43, refraction by, 589, 
white light spilt by, 581 
Process! es). definition of. Glossary, of 
nerve cells 506, 507, 508, 510, see 
also Dendrites, Axons 
Proestrus, 446, 447 

Progesterone, 448, 450, 669, see also 
PfOgCStiJl 

Progestin, 450, 653, and milk secretion 
455, and onset of labor, 678, see also 
Progesterone 

Prolactin, 432 453 (footnote), 454, ac* 
tion of on crop gland of pigeons, 456 
(footnote) 

Pronlosil. 221 
Prophase 26 

Prcmnoceptors. 512, of carotid sinus 
199. 256, 257, 258. of lungs 257, of 
semicircular canals 630 631, of stn 
ated muscle, 518, of utricle, 638 
Prostate, 659, 660 
Protamines, 36), wjih insulin, 371 
Protanomaly, 602 
Protanopia, 601 

Protease(s) ol gastric )uice, see Pepsin 
of intestinal juice, see Erepsin in 
leucocytes, 80, of pancreatic juice, 
see Trypsin 

Protective mechanisms 219, 220 
Protcin(s), 359ff, as amphoteric electro- 
lytes, 361, classification of, 361, com- 
bustion of In calorimeter, 353, con 
jugafed, 361, deficiency of as cause of 
anemia, 73, derived, 361, dietary re 
quirement, 399, 400, digestion of, 
307, 323, 324 327. elemental com- 
positron of, 359, foreign, reaction to 
223, 224, glucose from, 363, 369, of 
hair, 500, heat equivalent of, 354 his 
tory of in body, 362-63, incomplete 
365, metabolism of, 359^5 — adrenal 
cortex and 427, of plasma 57. 58 
of skin 33, in unne 264, in various 
foods, 365, of various foods, 359 
Proteinase(s), see Protease 
Protemates, 36 1 
Proteoses 307, 361 

Prothrombin, 103 reduction of m blood 
105 107, and vitamin K, 397 
Protons 3, 4 
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Protoplasm. 2111, physiological proper- 
ties of. 22, 23 
Protozoa. 210, 211, 212 
Provitamin(s) A. see Carotene, D, see 
7 Dehydrocholesterol 
Psetidopodfimi(a), 22, 88 
Pseudopregnancy, 446, 447, 4SI 
Psittacosis, 210 

Psychic phaseofgastncseCTefion 309-t2 
P^chK phetioraena of menopause 449 
Psychoauditory area see under Area 
Pteroyljlutamic acid 76 
Ptyaiin, 2%%, 19\, 191, 198, 900 
Puberty, 445, 449, 454 
Puerperal fever, 211 
Puerpenum, 675, 680 
Pulmonary circulation, 206 
Pulmonary valves, 118 
Pulse artenal, 156. 157, 158 — dicrotic. 
158, length of, 158 production of 156 
tracing of, 158, velocity ot. 156, 157, 
velocity Increase with age. 157, venous. 
182 

Pulse pressure, 138 
Punctum proxiraum. 595 
Punetum remotum. 594 
Pupil. 575, actioa of adrenaline on. 421, 
action of drugs on 608. effect of ac- 
commodation on. 597, effect of light 
on 582, and labyrinth, 634. in sleep, 
572, see also (ris 
Purgatives, 346 
Punnes 366, 367 

Purkinje cells, of cerebellum, see under 
Cell 

Purlln^e pbenomenon. 581 
Purkinje system, 167, 168 ]8( 

Purkinje l^nson Images, 596 597 
Purpura, I08 
Pus. 89 
Putamen, 540 
Pylorus, 304, 305, 306 
Pyramid^ tracts, see Tracts, cortico- 
spinal 

Pyramids of Medulla. 536, 546, decussa 
non of, 538 
Pyteaia, see Fever 
Pyndoxln, 384, 390 396 
Pyrimidine. 366, 367 

Q discs, 41, 42 
QuKkemng. 675 
Quudne, effect of on fever, 382 

Rabies, 218, 301 
Rachitic rosary, 393 
Rachitis, see Rickets 
Radiatloa, of beat, 376, 377, 378 
Rsufiosctivity, 5 


Radium, 3, In treatment of malignancy, 6 
Ramus communicans (Rami commum 
cantes), 563, 564 
Ranvier, node of, 461, 462 
Ralhke’s pouch, 430 
Rayleigh, Lord, 602 

Rays astral 26, 27, from radioactive 
atom, 5, from ultraviolet, antirachitic 
action of, 392 

Reacuoafs) an aphylactoid , 124, anti 
gea antibody, 2lC oT' blood. lOBff, 
chemical— enzymes and, 290, vcloaty 
of, 291 Ifootnote), ot d^ neration. 
463, 527, of Intestinal contefer; 345 
Reamur. Ren6. 317 

Receptors, 477, 512, 513, auditory. 620. 
cutaneous ^4ff, gravity, 638 olfac 
tory, 641, 642, 643, rotaiy, 634, m 
side-chain theory of immunity, 216, of 
semicircular canals and uinde 634, 
635. 638, taste, see Taste buds, visual, 
see Rods and Cooes 
Redpient, universal, 78 79 
Reopracat inhibition. SI6, 517, of eye 
muscles. 606 

Reciprocal lonervation, see Reciprocal 
mbibiuon 

Recovery, beat la muscular contraction 
501, 502 

Recovery phase of muscular contracuon, 
see Aerobic phase 
Rectum, 289, 321 
Reduced hemoglobin, 69, 250 
Reduction, 9 

Reduction division see Melons 
Referred pain see under Pam 
Rcflex(es) abdominal. 519. 527, ac 
commodalioo of eye, in new born, 679, 
allied, 512, antagonistic, 512, atii 
tudinal, 635, 636, 637, arc. see Re 
flex arc, axon, 520, Balnbrldge's 190 
cardiac, 189, 190, center, 511, condi- 
tioned — salivary, 297, 298 see eho 
Conditioned reflexes, crossed exten- 
sion. 516, ctiuneous, see superffcial 
deep, see tendon, defecation, 241, 340 
depressor. 198, after discharge in, 516 
ejaculation 656.iIexion 512.517,518 
gastrocolic, 340, Herfng Breuer, 257, 
Loven’s, 151, labyrinthine, 632 633 
634-38, neck, 635, 636, 637, nocicep 
tive, 518. oculocardiac, 189, patellar, 
511, 518, 519, plantar. 519, pressor. 
198, righting, 635, 636, salivary, 297 
298 scratch, 513, stretch 518, summa 
Uon In, 516, sup^clal. 519. swallow 
Ing, 303 tendon, 518 519, 527, vascu 
lar, 198, withdrawal 475 
Reflex arc, 511, conduction over 513 
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Refraction of light by eye, 592, 
lenses. 589, 590, 59! 

Refractory periods, see under Period 
Regeneration of nerve, 463 
Regurgitation m valvular disease of the 
heart, 176, 177 

Reinforcement, in conditioned refiexes, 
570 

Relaxation beat of muscle, 501, 502 
Renal calculi, in hyperparathyroidism, 
418 

Renal arculation, 272, 273 
Renal clearance, see Plasma clearance 
Renal disease, see Kidney, disease of 
Renal failure, 284 
Renal function. 283 
Renal glomerulus, 269, 270, 271 
Renal stones, see Renal calculi 
Renm, 143, 144 

Rennm, of gastric juice, 307, 309 
Rralacement method of mvestigatmg eo* 
apocrine function 404 
Reproduction, 648S 
Reproductive organs, female, 648-54 
Reproductive organs, male, 6S5-60 
Residual volume, 241 
Respiration 225fT, abnormal 259, at 
bigh altitudes, 255, 256. chemistry of. 
243. Gieyne Stokes see periodic, con 
trol of, 25211— chemical. 254-257, 
cbemoreflex, 257, reHex, 257. diffi 
cult, 236, see abo Dyspnea, effect of 
on artenal blood pressure. 207, of 
embryo, 673, forced, 255, inhibition of 
dunng swallowing. 252, internal. 225, 
226, 351, mechanics of, 231-36, move- 
ments of, 235, 236— effect of on cir 
cufation, 153, 154, m muscular excr 
CISC, 502 503, 504, nervous centers of, 
253, 254, organs of, 226ff, pcnodic, 
259, m unicellular organisms 52 
Respiratory quotient, 354, 355, 356, 358, 
nonprotein, 355 
Rest healing value of, 219 
Restiform body, see Peduncle, cerebellar 
Rete testis, 655 
Reticulocytes, 62, 63, 70 
Reticuloendothelial system, 89, 94, 95, 
215, 506, and bile pigments, 329 
Relina, 574, 575, 576-579, areas sensi 
tive to color, 600, 601, extrafoveal, 
580, formation of image on, 592, 593, 
layers of, 576, 577, and release of 
intermedin 439, sensitivity of, 583 — 
relation of duration to mienstiy of 
light, 583 
Retinene, 582 
Rh factor, 80. 81, 82 
Rh negative, 81 


Rh positive, 81 
Rheobase, 468 
Rheoscopic preparation, 494 
Rhesus monkey and Rh factor, 81 
Rheumatism, cortisone in, 426, 427 
Rheumatoid arthritis, cortisone and, 426, 
427 

Rhodopsin, see Visual purple 
Rhylhmicity of cardiac muscle, 160 
Riboflavin. 384, 389, 390. 396 
Ribose, 366 367 

Ribs. 231, movements of in respiration, 
235, 236 

Richards, A N , 279 
Rickets. 393. 395 396 
Right lymphatic duct, 99 
Rigidity decerebrate, 522, 523, “lead 
pipe,’* 541 
Rigor mortis, 494 
Ringer, Sidney, 162 
Ringer’s solulion, 162 
Ringworm, 210 

■Rods and cones of retina, 576, 577, 581, 
582. 589 

Rotation, effeeb of, 634 

Roughage m diet, 346 

Rouleaux formation, 59 

Round window of ear, see under Window 

R Q, see Respiratory quotient 

Rufllni’s end organs 644, 645 

Rugae of stomach, 305 

S-A node, see Node, smo, auricular 
SL Martm. Alexis, 318 
Sac, lacnmal, 576 
Saccule, 630, 631 
Saccus endolymphaticus, 631 
Sacral outflow, of parasympathetic, 562, 
563 

Salicylates, effect of on fever, 382 
Saliva composition of, 298, daily quan 
(ity of, 298, functions of, 298 299, 
300, pH of 298, secretion of, 296-98. 
specific gravity of, 298 
Salivary amylase, see Ptyalin 
Salivary reflexes, see under Reflex 
Salmine, 361 

Salt metabolism action of adrenal cor 
tex on. 426, 427 
&i]ts, 14 

Santono, Santono, 11, 12, 377 
Sarcolemma, 41, 42 
Sarcoplasm, 41, 42 
Scala media, see Duct, cochlea 
Scala lympani, 620, 622 
Scala(ac), vcstibuli. 619, 620, 622, 623 
Schafer, Sharpey, 238 
Schafer's method of artificial respiration, 
238 
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Schetner, Chnstopher, 393, 595, 396 

Schemer's expcnment, 396 

Scleroprotein(s), 361 

Sclerolic coal of eye, 374, 373 

Scorbutus, see Scurvy 

Scrotum, 653 

Scurvy, 39J. 392. 396 

Sea food source of lodtne, 401 

Seasickness. 319, 638 

“Second wind," 503 

Secondary sex chanvcters 429, 444, 445 
Secondary shock, see Shock 
Secretin 325 

Secretion of adrenal medulla. 424 of 
cerebrospinal fluid, 359, gastric, 30911 
— abnormal, 314, m sleep 571 572. 
internal, see Hormones intestinal, 328 
lacrymal 574 milk 652. 653. 654 
680— in vitamin A deficiency 385, pan 
creatic, 325 prostaiic 657. reverse 
281, salivary, 296 297 — candiiioned 
reflexes and 299 of seminal vesicles 
656 657. swear. 377, 378 380 383— 
m sleep 571 of unne, 268 276>^0 
Secretogogues, 313 
Segmentation of aygole, 666 667 
Segmenting movements, see hfovemeou 
of small intestine 
Semen. 656, 657 
Semicircular canals 630fT 
Seminal vesicles 451.452 653.656 ac- 
tion of tealosterone on, 451. 452 
Semipcrmeable membrane. 65 
Sensaiion(s), sense auditory, see Hear- 
ing balance, see equilibrium cortical 
center for 534 535 cutaneous 644ff 
— cold, 644, due (o vasoconsinction 
in skin 382 heat, 644 localixation of. 
645 646 pam 644, 645. 646 see also 
Pain pressure 644, spatial (two-powi) 
discniTUCiaiion in 646 647. touch, 
644, 645 646 647, equilibrium 630, 
of heating 617-3Q intensity of 476. 
478 kinesthetic. 528. muscle, see km 
esthetic nature and quality of. 477, 
478 olfactory. 640, pain, see Pain, 
smell, see olfactory, specifkily of 477 
taste. 297. 638-40 — center for 640, 
pathway. 640 relation of to ssnell. 
639, and saliva, 300 end thalamus 
S39, touch see under cutaneous, vis- 
ual, see Vision 
Sense organs, see Receptors 
Septum Inlerauricutar, 116, InCerven 
trtculat. 116, 167— defects of. 674, 
nasal, 226 

Scrum, 57, frozen 82, transfusion of 77 
Serum albumin 37 
Scrum globulin, 57 


Serum sickness 224 

Sex: abnormalities of due to adrenal 
tumor, 428 determination of, 665, 
fjands of. 444-57, see also Ovaries 
Testes, hypothalamus and 342 pre 
coctous development of due to adrenal 
tumor, 428, secondary characteristics 
of, see Secondary sex charactcnslics 
Sex chromatin, 508, 666 
Sex desire, 445 
“Sham feeding," 310 3II 
"Sham rage," 542 
Shell shock, see under Shock 
Sherman, H C , 407 
Shivering, 380 

Shock' anaphylactic. 222. 223, deferred 
see traumatic, hemorrhagic, 222, In- 
sulin 222 primary 222. 223 second 
aiy. 222. 223, shell. 222, spinal, 522. 
323, surgical, see traumatic, transfu- 
sion, 80, traumatic, 222, 223 
Shortsightedness, see My^ia 
"Shunts” in circulation 6/3 
Sickle cells 62 
Side<hain theory, 216 
Sighing 239 
Sifoat magnet 484 
'Silent areas" of cerebral cortex 335 
Silicone, and clotting of blood 105 
Simmond’s disease. 443 
Sinus(esl venosus, 163, I6‘‘ venous, 
of brain. 556 
Sinusoids of liver. 208 
Skeletal muscle, see Muscle, striated 
Skeleton origin from mesoderm, 668 
Skin, 32. 33. 34, 35. appendages of. 34 
35. axon reflezes in, 52i.capi!lanes of 
203, color of, 35, 36 see also Cyano- 
sis. color In frog, 437, 438, 439, 7-de- 
bydrocholesterol in, 392, of dilTerent 
races, 36 from ectoderm 668 evapo 
ratiOD of water from. 377. 373, func 
tions of. 36 37, glands of, 34 hairs 
of, 34, 35, infection of 89, 90 irra 
diaiioit of. 393 loss of water from 
56. papillae of, 34, temperature of. 35, 
vitamm D in. 37 

"Skyshine" in prevention of rickets, 395 
Sleep. 571-573, basal metabolic rate in 
339, blood pressure, 143 cffecis of 
of 571. hours required 571, 572 
metabolism in 399 400, theories of 
572, unnation in, 287 
Small cell infiltration, 91 
Smallpox, 210. 215 
Smelk jee Sensation, olfactory 
Snake venom. 85 
Sneezing, 259 

Snellen s test type 584 585 
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Soap, 372, formation in intestine 324 
Soda iime, used to absorb carbon diox 
ide, 357 

Sodium, loss of in adrenal insufficiency, 
425 

Sodium bicarbonate and acid base bal- 
ance, 111. in intestinal jnice, 327, in 
pancreatic juice, 323, in Ringer’s, 
Locke’s, and lyrode’s solutions, 165, 
in saliva, 298 

Sodium chloride. 14, of blood, 58, for- 
mula of. 7, loss of in sweat, 383, solu 
tions of, 163, 164, 165 
Sodium glycocholate, 331 
Sodium lodoacetate, poisoning of muscle 
by, 499 

Sodium sulfate, as a laxative, 346 
Sodium taurocholate 331 
Sol, see Hydrosol 
Solute, IS 

Sofunon(s), 15 68 colloidal 17, crys- 
talloid. dextran for transfusion, 84, 
gelatin, for transfusion, 84, gum aca 
cia for transfusion. 83, 84. hypertonic. 
68, hypotonic 68 — ^ a hemolytic 
agent. 68, 85, isinglass for transfusion 
84 isotonie, 56 Locke’s. 163, melar, 
16 normal, 16 physiological saline, 
16 Ringers 163. 164, 165, saline 16 
—for transfusion, 83, supersaturated. 
IS.Tyrode’s, 163, 164, 165 
Somesthetic area see under Area 
Sound(s), 622, analysis of by ear, 624, 
625. 626 intensity of, 627, pitch of, 
624'26 waves, see under Wave 
Spacefs) cavernous of penis 655. 659, 
dead, see Dead space, subarachnoid, 
556 557, 561, subdural. 556, 557 
Spallanzani Lazaro, 317 
Spatial discrimination in skin, 646 647 
Spaying, 445 

Specific dynamic action, 359, allowance 
for in diet 400 
Spectrum 599. 600 
Speech 267, see also Vocalization 
Spermatids, 660 661 
Spermatocytes 660 661 
Spermatogenesis, 660 
Spermatogonia, 660 

Spermatozoonfa), 656 657. 660 662 
663, life of, 657. not produced in vila- 
mm E deficiency, 395, protamines in, 
361 

Spherical aberration. 609, 610 
Sphincter(s) anal, 322 — action of ad 
renaline on. 421. cardiac, 308, 318, 
definition of, 303 (footnote), ileocolic. 
339 — action of adrenaline on, 421, of 
Oddi, 332, 333, pupitlae, see Ins, py 


lone, 304, 305, 316— action of adren 
aline on, 421 
Sphygmograph, 157 
Sphyngomyehn, 373 

Spinal cord, 523-529, nerve roots of. 

524, 525, 526. tracts of, 526, 527, 528 
Spinal shock, 522, 523 
Spindle m mitosis, 26, of muscle, see 
Proprioceptors, of stnated muscle 
Spiral organ, see Corti’s organ 
Spireme threads, 26 
SpmllumCa). 212, 213 
Spirochetes 212 213, 214 
Spirometer. 242 

Spleen 95-98, action of on blood cells 
97, contractions of, 61, 97, functions 
of, 97, lymphoid tissue of, 95, 97 
101, and production of lymphocytes 
97 

Splenectomy, 97, for purpura, 108 
Spoiled clover, dicoumann m, 104 
“Spots “ touch heat, and cold, etc , of 
skm, 644 645 
Spreading factor. 51 
Sprue, tetany in, 416, 417 
Squmt. see Strabismus 
Stagnant anoxia, 262 
Stags, castration of, 445 
‘Staircase’ phenomenon jee Treppe 
Stanmus ligatures 165 
Stapes, 617, 618, 622 fixation of, 629 
Staphylococci 212 213 
Starch(es). 367, digestion of by saliva 
299 

Starling Sir Ernest 325 
Starvation, negative nitrogen balance in 
363 

‘Steady state,” 502 
Stcapsin. 292, 393 394 
Stenosis, of heart valves, 177 
Stercobilm 330 
Sfercobilinogen 330 
Stereoscope, 598 

Sterility, due to vitamin E deficiency, 395 
Sternum, 231 

Steroids 372, 373, of adrenal cortex. 426 
Sterols. 372, irradiated, 392 
Stethoscope, 176 

Stimulus conditioned 569, Iiminal 467. 
maximal, 488 minimal, 488 quahues 
of, 467, subliminal 467, threshold, 488 
Stomach, 289, 304-07, 310 311, cancer 
of, 314 digestion in 304ff, early stud 
les of functions, 317, emptying of 316, 
glands of, 305, 306, 307, miniature 
310 311, movements of, 316-20 and 
pernicious anemia, 75 
Stomatitis. 300 
Strabismus 607 
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Stratum (strata)* comeum, 33, gemii 
nativum, 33, 34, gtaoulosum, 33, 34, 
lucidum. 33; mucosum, see germina* 
Uvum, of skin, 33 
Streptococci 212, 213 
Streptomycin, 222 
Stress, pituitaiy body In. 429 
Striate body, see under Body 
"Stroke," see Cerebral apoplexy 
Styptics, 106 

Stroma, of ovary, 449, 469 
Structural formulas, 6 
Submucosa. 36, 37 
Subpapillary venous plexus, 35, 204 
Substantia nigia, 542 
Substitution method, see Replacement 
method 
Substrate, 282 

Succus entericus, see Juice, icitesUna! 
Suckling. 455 
Sucrase, 327 

Sucrose, 327, 328, 367, 368 
Sugar, calorie value of per pound, 400 
Sulcus(i), of cerebral cortex, 329, 531, 
532, central. 529, 531 
“Sulfa" drugs. 221 
Sulfacetamide. 221 
Sulfadiazine. 221 
Sulfanilamide. 221 
SuUapynadine, 221 
Sulfates, as antieoagulaots, 104 
SuUalhlazote, 221 

Sulfur atomic weight and number of. 

3, in urine, 274. in protein, 359 
Sunmation absence of in cardiac mus- 
etc. 160, in reflex center, 516, in sin* 
8 ed muscle. 488. 489 
Sunlight, antirachitic action of. 392 
Sunshine, in preventing nckets, 394, 395 
Sunstroke, 383 

Suprarenal capsules, see Adrenal glands 
Surface area of body, 158 
Surgical shock, heart rate in, 186 
Suspensions, 16 
Suspetisoidi, 17 

Suspensory liBameirt oi lera, 575, 591, 
592, 595 

Swallowing 301. 302 
Sweatin'^ 378, and labyrinth, 634 
Swift, Dean. 211 (footnote) 

Sympathetic resonance, 220, 424, 425. 
624 

Sympathetic nervous system, 563, 564, 
565. see clso under Nerve 
Sympathin 425 
Sympathoadrenal system. 566 
Sympathomimetic action of adrenaline. 
423 

Synapse. 510, 511. 512, at autonomic 


ganglia, 567 — acetylcholine liberation. 
567, strychnine and, 513 
Synaptic knob, 510 
Syncope, see Fainimg 
Syncytium. 159 
Syphilis, 213, 214 
Systole. 170, 171, 172 

Tachycardia, 186 

Tadpoles skin color of and pituitary, 
438, effect of thyroid hormone on, 
407 

Tail of child (footnote), of human em 
bryo, 671, 672 
Tartar emetic, 319 
Taste see under Sensation 
Taste buds, 638. 639 
Taste pore. 638 
Taunne 331 
Tears. 574 
Tectum, 545 
Tegmentum. 545 
Tclerecepiors, 514 
Telophase. 26, 27 

Temperature, body, see Body tempera* 
lure, cniical, 379, effect of on enzyme 
action, 29], effect of on muscular con 
traction, 4^, effect ol on oxygen dis* 
sociation curve of hemoglobin, 251, 
environmenial-^fleel of on body 
temperature, 378, 379, effect of on 
cardiac output, 132, effect of on me 
labolism, 359 
Temporal lobe. 335, 536 
Tendo Achlllis, 484, 519 
Tendon(s). 479, 480, central of dia 
phragm, 234, reflexes, see under Re- 
flex 

Tentorium ccrebelli, 556, 557 
Terramycfn, 222 

Tcn(s): Ascheim Zondek, 456, 457, of 
color vision. 603, fragility, 85. hear- 
ing, 629, 630, for human blood, 2, 6 
(footnote), for incompatibility of 
blood, 8S 
Test me:al, 313 
Test sera, 78 

Tcris(es), 655 action of gonadotrophic 
hormones on 453, 454, action of pitu- 
itary on, 455, excision of, see Casira 
lion, hormone, see Testosterone, hy- 
aiuronidase in. 5, secondary sex char 
acters and. 452 
Testosterone. 451. 452. 656 
Tetanus bacilli, 212, 214 
Tetanus of muscle. 488. 489 
Tetany. 414ff, due to alkalosis, 417, in- 
fantile 416, latent, 417, parathyroid. 
414. 415 
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Tetrapcptids, 324 
Tetroscs, 367 

TH, see Hormone, thyrojd 
Thalamus, 537, 538, 539, 540, 543 
Theca, interna and externa of Graafian 
folIic1«, 649 
Theelin, 449 (footnote> 

Theobromine, diuretic effect of, 282 
ThcophylJm, diuretic effect of, 282 
Tbeoryfjes) • of eoJor vision, 600, du 
pbcity of vision, 579-82, emergency 
of adrenal function, 423, frequency, 
of heanng, see telephone, Helmholtr, 
of pitch, 624, membrane Of nerve con 
duction. 472, place, of hearing (pitch), 
626, 627, resonance, of hearing 
(pitch), 624, 625, Rutherfords, 624, 
see also telephone, of heanng, of sleep, 
572, telephone, of heanng, 625, 626. 
volley of heanng, 626, Young's, see of 
color vision 

Thiamin 384, 386. 387. 396 (Table), 
deficiency of. 384. 386 387, 388, 396. 
and gastroiatestmal tone, 386 
Thint, 349 
Thoracw duct, 99 
Thoracolumbar outflow, 563 
Thorax enlargement of m inspiration. 

235. expansion of at birth, 232 
Threontne, 360 
Threshold substances. 277 
Thrombin, 103 

Thrombocytes. 57. 93, 94, in coaguU> 
tiOQ of blood 102, reduction, a cause 
of purpura, f08 
Thromboplastin, 103, 105 
Thrombosij of coronary anencs, 205 
Th>mus. 457, 458 
Thyroglobulm 412 
Thyroid cartilage, 265, 301, 405 
’Th)'Toid gland, 404fl adenoma of. 408. 
calongenic action of 380. enlargement 
of. see Goiter; from entoderm func 
tions of, 4121T, isotopic iodine and. 6 
Thyroidectomy. 381, 405. 406. 407. 411. 

effect of on heat production 381 
Th)Toioxtco$is 411, 412 
Thyrotrophic hormone and exophihal 
moj, 411 (footnote), see aha under 
Hormone 

Th>'roxine, 404 412 413 
Tidal volume, 240, 241 
Tigroid substance, 507, 503 
Timbre, of toice 266 
Time marker, 484 

Tissuc(i), 29fT, adipose, 46 47 — water 
of, 55. collacenous 426 427, connec* 
tise. 44ff — water of 55, delivery of 
oxygen to 249, development of, from 


germ layers. 668, 669, endothelial, 38, 
epithelial, 29ff — euboidal, 32, squa 
mous, 31, 32, stratified, 32, 36 transi 
lional, 32, erectile of penis, 659, glan 
dula, 38. mfeclion of, 213, 214, junc* 
tional of heart, 165, 166 167, lymph 
Old, lOI, muscular, 40ff, see also 
Muscle, striated, smooth cardiac nerv* 
ous, 506 507, 508 — ^water of, 55, 
nodal, of heart, 165. 166 167, 169, 
osseous. 48, 49, see also Bone, pul 
monary, blood supply of, 206 (foot 
note), renal, see kidney, stimulation 
of oxidation in by thyroid hormone 
405, 413, thyroid, 405, types of, 29fT 
Tissue fluids, 53, 54, 55, see also under 
Fluid 

Tochopherols 395 
Tomatoes vitamin C in, 391 
Tone of cardiac nerves 188 189 of 
skeletal muscle, 521-23 — m paralysis, 

527, m spinal shock, 522 and vestibu 
far nuclei, 522 of smooth muscle, 293 
—postural 293, 294 of vascular 
nerves 196 

Tongue, distribution of taste sensation 
over. 639 640, papillae of. 638 639, 
touch spots on, 645, 647 
Tonometer, 250 

Touch, see under Sensation, cutaneous 
Toxin 215 
Toxoids 219 
Toxophore group, 216 
Trace elements 402 
Trachea, 226. 227. 228 301 
Traci($) alimentary, see Alimentary 
iraci, of Burdach, 528, eerebelloves 
iibular, 553, corticospinal, 526 527 

528, 542. 546 554 — m new bom, 679, 
decussation of. 546, digestive, see Ali 
mentary tract, frontopontine 533 
543 553, of Coif 528, hypothalamico- 
hypophyseal, 430 541. optic. 544, 589. 
of posterior spina] column.v 52ft, sob 
tary, 549, of spinal cord, 526, 527, 
528, spinocerebellar, 528. 553, 554, 
tectospinal, 545. temporopontine, 553, 
vestibulocerebellar, 553, vcstibulospi 
nal. 528 553. 632 

Tractus solitanus see Tract, solitary 
Tratufusion 77(1, indications for, 80, 
isinglass in 84, uiih materials of non 
hutnan oncm. 83, of Rh positive 
blood, 81. of serum or plasma. 82. in 
shock. 223, specifications for maienal 
used 83 

Traumatic shock, see under Shock 
Tremor in hyperthyroidism. 411, in 
paralysis agitans. 541 
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Treppe* in cardiac muscle, 160, in mus- 
cular contraction, 490 
Tricalcium phosphate in bone, 4S 
Triceps jerV, 519 

Tricuspid valves of heart, see under 
Valves 

Triglycerides. 372 
Trigone, 286 
Triolein 354 
Trioses 367 
Tnpalmliin 372 
Tnpeptids. 361 
Tnsleann, 324, 372 

Trophic versos tropic as suffix, 435 (foot- 
note) 

Trophoblasf 667, 669 

Trousseau's sign in tetany, 417 

True skin, see Dermis 

Truncus arteriosus, see Bulbus arteriosus 

Trypanosomes. 212 213 

Trypsin 288. 293, 323, 324 

Trypsinogen, 324 

Tryptophane. 360 

Tube(s) auditory. 623. 629 Eustachian 
see auditory, Fallopian see utenne, 
uterine. 449, 65(3->fertili2auon of 
ovum m 669 
Tuber ctnereum, 541 
Tubercle, 215 
Tubercle bacilli, 212, 213 
Tubule of kidney, see renal, renal 269 
270. 271, 277, 279— conccntfafing 
function of. 279 reabsorption from 
279, 280, seminiferous. 655. 656 
Tunica adventitia, 123 
Tunica interna. 123 
Tunica media, 123 

Tuning fork, as tune marker. 484. 485 
Turbinate bones. 226, 22? 

Twins, 664 

Two point discrimination, see Spatial d»s 
crimination 
Tympanum, 617, 618 
Tyndall’s phenomenon, 1 7 
Typhoid bacillus. 212. 213. 215. 218 
Typhoid fever, 215 
Tyrosine, 360 tyramme Itotn, 342 
Tyrothnem, 222 

Umbilical cord. 670, 675, 676 677. 678 
Umbilical vein see under Vein 
Umbilicus 673 

Unicellular organisms 23 52. respira- 
tion in. 225 

Unit, of heat see Calorie 
Universal donor, 79 
Uranium 3 


U«a, 363, diuretic effect of, 282. In mus- 
cle, 497, retention of in blood in ne- 
phritis, 284, in unne. 274 
Ureter. 285 

Urethane action of on capillaries, 203 
Urethra. 285. 658 
Uric acid, in unne, 274 
Urinary bladder, 285. 286 action of 
adrenaline on. 421, nerves to. 563, 
postural tone of, 293 
Unne composition of, 274, excretion of 
raw egg white Jn, 343 (footnote), of 
fetus, 679. formation of. 276ff, glu- 
cose in. 280. 370. 371, loss of heat in 
378, 379, of new bom 679, pH of, see 
reaction, phosphorus of 283, pigment 
of, 274, of pregnancy, 450, 457 (foot- 
note), protein in 284. reaction of, 275, 
280, spTCific gravity of. 275, 284 ulira- 
Olirailon and. 278, vitamin C in 280. 
voiding of. 286, volume of. 275. 276 
280 283 

Urobilin, 330, 331. in urine in obstruc 
live jaundice 335 
Urobilinogen 330 
Urochreme 274 

Uterus. 650, 651, action of adrenaline 
on. 421. action of pituitary on 437, 
455, development of, 651, 652, growth 
of m pregnancy. 651. 652, involution 
of, 680 in lawr, 676ff, mucosa Of 
see Endometrium 

Utneie. 630, 631, 634, m seasickness, 
638 

Vaccination. 215, 218 (footnote) 

Vaccines 218 

Vacuoles 22, 24 25 

Vagina, 651 

Vagustoffe. 192 

Vjilvc(s) of heart 116,118 174 175, 
177 — aortic, 150, auriculoveniricular, 

175. bicuspid, see mitral disease of. 

176. 177, incompetence, 177, mitral. 
175, pulmonary, 175. semilunar, see 
aortic and pulmonary, stenosis of, 177, 
tricuspid, 175, of Heistcr. 333. ileo 
colit, 321, 339, ol veins 125 

Valvular disease. 176, 177 
Vasoconstriction, caused by noradren 
aline, 423 

Vasodilation caused by adrenaline 423, 
in sleep, 572 

Valves of Heisier, see under Valve 
Vas deferens, 655, 656 
Vater ampulla of. 322 
Vegetables, Jaxa’ive action of 346 
Vein(s). 126 blood pressure In I5I. 
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cardiac. 204, central of liver, 208, 
coats of, 123, common iliac, 122, he- 
patic, 208, interlobular of liver, 208, 
jugular. 122 — pulse in, see Pulse, ve- 
nous. of liver, 208, pulmonarji, 206, 
renal. 122. 270. 272, structure of, 123, 
125, subclavian, 122, 123, of Tliebe- 
sius 204. umbilical, 672, vaUes of. 
125 

Vena cava fvenae cavae) m fetus 673 
inferior, 118, 122. 167— of cold 
blooded heart. 166. superior, 118, 122, 
167 — of cold blooded heart, 166 
Venous blood pressure 151, measure 
ment of. 152, and rate of hean. 190 
Venous pulse, see under Pulse 
Ventriclefs) of brain— fourth 543. 544 
^54. 558. 559. third 531 5^ 541, 
558 of heart. M5. 116 118. 122 
Venule(s). 202 

Veratrine causing eontraciitrc of mus 
cle. 492 

Vermiform appendix 321 
Vermis of cerebellum 55 1 532 
Vertigo 634 

Vewel(s) blood w Arlenes Capillar 
les Arterioles Veins lymph, see 
Lymphatics 

Ventricle cerebral 557-59 
Vestibule of ear. 630 
Vibrations, sound 622 
ViUusCO arachnoid, see Arachnoid 
granulations chorionic 667, 669, in 
lestmal 326 344 343 
Viosterol. 393 

Virgin birth see Parthogenesis 
Virilism, 429 
Virus(es) 210 211 
Vis a fronte 153 
Vis a tergo 153 
Vis medicatnx naturae 219 
Visceral arches, see Branchial arches 
Vision 574ff, acuiij' of, see Visual 
acuity, binocular and monocular, 586 
of birds color, see Color vision, con- 
trast effects in, 602 603 604, day- 
light. see Photopic, defective, Jgy, 
duphcity theory of, 579, extrafoveal. 
579 in moonlight. 580 (footnote), 
peripheral. 579, photopic, 580, sco- 
topic, 380, stcrcoscc^ic, 597-99, twi- 
li^t, see scotopic 
Visual acuity, 584, 585, 615 
Visual area see under Area 
Visual fields, 586. 587 
Visual pathway, 589 
Visual purple, 582 


Vital capacity, 241, 242 
Vital red in measurement of blood vol- 
ume, 63 
Vital spint, 121 

Vilamm(s), 384ff, A, 384-86, 396— de- 
ficicncy of, 385-86, and regeneration 
of visual purple, 385, 583, antihemor- 
rhagic, see vitamin K, antincuntic, see 
'niiamin. antirachitic, see vitamin D, 
antiscorbutic, tcc vitamin C, antiste 
nlity, w vitamin E, antixerophthal 
mic, see vitamin A, B complex, 384 
386-91 — B, factor of, see Thiamin, 
Bi factor of, see Riboflavin, B, factor 
of, see Pyridoxin, Bu factor of, 74. 75, 
76, 384, and enzyme systems. 391, C, 
173. 391, 392. 396 — in adrenal cortex 
328, classification of, 384, 386 (Ta 
We). D. 392. 393 396— in s’.,m 37 
and ultraviolet light 392, deficiencies 
of see individual vitamins, dietary re 
quirements of. 399 see also individ 
uai vitamins, E, 384, 395 396 C see 
Riboflavin K 384 396 397— defi 
ciency m new born 679, and pro- 
thrombin. 104 synthesis of by bac- 
teria. 397. m milk 654 synthesis of 
by baciena 212. 391. 397 
Vitelho 361 

Vitreous body hyaluromdase 51 see 
aho under Body 
Vocal cords. 265 266 
Vocalization center for, 534 
Voice, :64ff 

Vomiting. 318 319. in angina pectoris 
205 and labyrinth 634 

Waller, A D . 462 
Wallenan degeneration 462 
“Warming up” of muscle 493 
Water absorption of from gall bladder 
332. absorption of from intestine, 321 
341, 343, balance, 55 of body. 54 
diuretic effect ot 28?. 283^ ev.^ta 
lion from body, 377, 378 excretion of 
ID nephntis. 284, exlracelfular, 54. in 
lake of, 55, intracellular, 54. iodine 
oi. 406, metabolism of — adrenal cor 
tex and, 425, 426, 427, hypothalamus 
and, 542, of metabolism 225 in mus 
cle, 497, output of, 55 from oxidation 
of hydrogen, 352, produced by oxrda 
tion of hydrogen, 55, reabsorption of 
from renal tubule, 277, 280, of urine, 
276, of various tissues. 55 
Water vapor, in expired air, 55. 246 
Wave(s) of artenal pulse. 158 of elcC' 
irocaMogram, 180, of eJeclroenceph 
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alogram 537 538 of eleciroretino* a chromosome 665 
gram 585 sound 622 624 — frc Xanthophorcs, 439 

qoency of and piich 6'’4 of venous Xerophthalmia 385 386 396 
pulse 18’’ 


“Wear and tear" of body protem 363 
364 

Weiner A S 80 

Wcvcr and Bray effect, 627 

Wharton s jelly 51 

Wheat profe ns of 365 whole laiativc 
act on of 346 

Wheat germ 395 396 

Whey protein 309 

Whipple G H 74 

3Vb ic matter of cerebellum 552 553 
of nervous system 506 of sp ital cord 
523 524 

Window oval f>’<l 623 round (,r> 
6‘‘3 

Window glass opaque to ultraviolet rays 
392 

“Witchs m Ik " 436 (footnote) 


^chromosome, 665 
^wmng 259 

Yeast enzymes of 290 irrad at on of 
393 

Yellow body see Corpus luleum 
Yellow spot see Macula lutea 
Volk sac 667 670 

Youngs theory of color vis on see un 
der Theory 

Z 1 ne 41 4"* 43 
Zein 361 365 

Z nc cssent al in d et 40’ with insulin 
371 402 

Zona granulosa tee Membraos grami 
losa pcllucida 649 

Zygote segmentat on of 633 664 666 
Zymogens, 25 



